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PREFACE 

This^ book has been written with the main purpose of 
presenting a comprehensive view of the various forms 
of Electrical Treatment as practised to-day, giving parti- 
cular attention to the work that may be done in medical 
practice with a good faradic and galvanic battery. For 
instance, the great relief that may be afforded in acute 
sciatica, brachial neuritis, and other forms of perineuritis 
by the proper application of the galvanic current is, per- 
hap3, scarcely sufficiently appreciated. Explanations have 
been given as far as possible of the theory of the various 
forms of current, so that terms such as " high frequency," 
" alternating current," and " X-rays " shall not be meaning- 
less counters, in the hope that an added scientific interest 
may increase the zeal of the student and practitioner of 
electro -therapeutics. Only the figures necessary to illus- 
trate the text bearing on the more important electrical 
instruments and current diagrams have been included, 
and further details must be sought in the illustrated 
catalogues of Schall, Gaiffe, Watson, Miller, Cox, etc. My 
thanks are due to those who have kindly lent blocks for 
the illustrations ; while, lastly, the addition of a full 
index will, I hope, increase the usefulness of the work. 

WILFRED HARRIS. 

WiMPOLB Street, 

. March, 190H. 



CONTENTS 



CHAPTER I 

METHODS and' APPARATUS page 

General Indications and Methods for Use of Faradism, Gal- 
vanism, Sinusoidal and Pulsating Unidirectional Currents, 
Static Electricity, and High -Frequency Currents — Faradic 
and Galvanic Batteries — Shunt Rheostat — Motor Trans- 
former for Sinusoidal Currents — Static Machines — High- 
Frequency Apparatus ....... 1 



CHAPTER II 

THE FARADIC CURRENT 

Primary and Secondary Faradic Currents — The Faradic 

Current in Diagnosis — Motor Points . . . .42 



CHAPTER III 

FARADIC TREATMENT 

Malnutrition — Neurasthenia — Traumatic Neurasthenia — Hys- 
teria — Convulsive Tic — Neuralgias — Neuritis — Blepharo- 
spasm — Hemiplegia — Disseminated Sclerosis — Tabes 
Dorsalis — Graves's Disease — Leukaemia — Headache — 
Dilated Stomach — Visceroptosis — Constipation — Pro- 
lapse — Coma — Hysterical Convulsions — Catalepsy . 53 



CHAPTER IV 

THE GALVANIC, CONTINUOUS, OR DIRECT 

CURRENT : 

Leclanch6 Cells — Electrical Units — Olmi'ft ' «d 

Accumulators — Tests for Pokurity— ] 



viii CONTENTS 

CHAPTER lY— {continued) 

the Skin and Muscles — Electrotonus — Combined Faradism 
and Galvanism — Reaction of Degeneration — Tetany — 
Myasthenic Reaction ....... 105 



PAGE 



CHAPTER V 

GALVANISM {continued) 

Muscular Wasting — Infantile Paralysis — Poliomyelitis — Ar- 
thritic Atrophy — Hemiplegia — Neuritis — Facial Paralysis 
— Sciatica — Brachial Neuritis — Brachial Plexus Injuries — 
Musculo-spiral Paralysis — Forms of Sensation — Median 
Nerve Paralysis — Ischaemic Myositis — Nerve Injuries of 
the Lower Extremity — Tubercular Neuritis — Ascending 
Neuritis ......... 140 



CHAPTER VI 

GALVANISM {continued) 

Optic Nerve — Hysterical Amblyopia — Ocular Paralysis — Tri- 
geminal Nerve — Auditory Nerve — Vagus and Spinal 
Accessory Nerves — Laryngeal Paralysis — Hysterical 
Mutism — Laryngeal Epilepsy — Sterno-mastoid and Tra- 
pezius Muscles — Hypoglossal Nerve .... 205 



CHAPTER VII 

GALVANISM {continued) 

Multiple Neuritis — Occupation Neuroses — Spasmodic Torti- 
collis — Raynaud's Disease — Chilblains — Graves's Disease 
— Leukaemia . . . . . . . .221 



CHAPTER VIII 

GALVANISM iconclmled) 

Electrolysis — Theory of Ions — Cataphoresis — Naevi — Superflu- 
ous Hairs and Moles — Fibroids — Aneurysm . . . 236 



MODERN METHODS OF TREATMENl 



ELECTRICAL TREATMENT 



ELECTRICAL TREATMENT 

CHAPTER I 

^\ METHODS AND APPARATUS 

To obtain the best results with the modem methods of 
electrical treatment, it is of the utmost importance that 
the practitioner should use the greatest possible care in 
making his diagnosis of the case presented to him, and 
should carefully consider the best form and method of 
applying electricity as a therapeutic agent if he decides 
upon its use. For more than a hundred years static or 
frictional electricity has been employed, rude plate -glass 
machines of small power, or a resin electrophorus, being 
at first used as the source of the electrical sparks ; while 
during the last half of the nineteenth century treatment 
by galvanism and faradism came into use, the latter mainly 
through the results obtained by the pioneer work and 
ardent advocacy of Duchenne, whose exploration in the 
almost untrodden field of neurology at that time led to 
such an enormous increase in the interest taken in neuro- 
logical science. 

These are still the three main forms in which electricity is 
used in medicine, though the instruments now employed aie 
of far greater precision and power than formerly. Variot 
modifications of these forms of electricity are also vm 
static electricity being applied either as sparks in dilEeiei 
ways, or as positive charging of the patient on an iiu 
lated stool, or as the negative breeze. High frequen 
currents, like static electricity, are of extremely high pote 
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tial, yet the discharge differs in conaiBting of a number of 
extraordinarily rapid oscillations, the current having there- 
fore no chemical or electrolytic effect. The faradic current 
ia an alternating current, yet unequal in its alternations 
both in rhythm and in force, giving a very jagged, unequal 
curve if the electromotive force be planned out on a dia- 
gram. A much smoother alternating current ia that 
known as the sinusoidal current, in which the rate and 
amount of variation of the electromotive force are per- 
fectly regular, an approximate example of which ja the 
alternating current supplied by some of the electric hght- 
iog companies. This sinusoidal current may, again, be 
altered in form and changed into a pulsating unidirectional 
current, by a simple device known as a commutator attached 
to the motor -transformer, or by passing the alternating 
current through an apparatus which will allow one phase 
of the alternating current to pass but not the other. This 
ia known as the Nodon valve, consisting of a group of tino 
or four cells with alnnnininm and lead poles, in which the 
property of aluminium is taken advantage of in allowing 
current to pass freely in one direction but not in the re- 
verse, Oalvanism, or the constant voltaic current, may 
be used in several ways, either by the labile or the stabile 
method, or the current may be periodically interrupted 
or reversed. 

The precise methods of employment of these forms of 
current and their modificationa will be treated more at 
length in the various chapters devoted to that purpose. 
Enough has been said to indicate, that for a complete in- 
stallation of electrical instruments to cover all the poaaible 
varieties of treatment, a large number of different instru- 
ments and a considerable outlay of money would be re- 
quired. One aim of this book is to show in detail what 
the general practitioner will be able to accomplish for him- 
self with the aid of a good faradic and galvanic battery, 
^ which ue the only instrumenta that the average busy 
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practitioner will have the time or opportunity to use. Cases 
requiring treatment by the electric bath, .or by static or 
high frequency currents, will generally have to be sent for 
treatment to those possessing a larger electrical installation, 
and whose time is more given up to this class of work. 

Treatment by the faradic current is especially use- 
ful in cases where general sensory stimulation is required, 
as in hysteria and neurasthenia, especially in those cases 
where cutaneous anaesthesia is a prominent symptom. 
Greneral stimulation of the surface by faradism is also use- 
ful in cases of general flabbiness and anaemia, in rickets, 
and in cases of suspended animation, as in syncope during 
the administration of an anaesthetic, or the coma of opium- 
poisoning or other narcotic drugs. Faradism is also of 
great service in those cases where muscular stimulation is 
required, as in all cases of paralysis where the faradic re- 
actions of the muscles are preserved. It is often taught 
that faradism is indicated for treatment of striped voluntary 
muscle, and galvanism for unstriped muscle such as the 
intestines. This is a dangerous error : the galvanic cur- 
rent should never be applied to the mucous membrane of 
the stomach or rectum for treatment of muscular atony 
except by an expert, on account of the serious danger of 
producing electrolysis and ulceration. On the contrary, 
the faradic current is of the greatest service in the treat- 
ment of chronic atony with dilatation of the stomach when 
applied by means of a special electrode introduced into the 
stomach, and also in cases of chronic constipation, one 
pole being introduced into the rectum. 

Another valuable example of the class of case in which 
faradism is often of the greatest benefit is certain cases of 
neuralgic pain which may persist after muscular rher 
matism, lumbago, sciatica, or pleurisy. For the chzos 
pain in the side, often most severe, which sometimes 
mains long after all other signs of an attack of pleiii 
have passed away, treatment by the faradic current n 
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often prove of the greatest service. In lectal and uterine 
prolapse also, and in certain cases of enuresis, tliis form of 
treatment may sometimes be used with great success. The 
various methods of treatment best suited for, these dif- 
ferent conditions will be treated more at length in the 
chapter specially devoted to Faradic Treatment. 

Galvanism, or the constant current, is indicated 
in »those cases where definite chemical change in the tissues 
set up by electrolytic action is required, rather than the 
simple stimulation or shaking of the tissues which the 
faradic or alternating current produces. Thus, the elec- 
trolytic action of the constant current is taken advantage 
of in the treatment of nsBvi, in the epilation of hair with 
destruction of the hair-follicles, the electrolysis of uterine 
fibroids and of strictures, though for these two latter con- 
ditions surgical measures are probably much safer and 
more efficacious. Owing to its more pronounced chemical 
action the constant current has the power of provoking 
contraction of degenerated muscle in cases of neuritis or 
other nerve or spinal lesions in which the trophic cientres of 
the muscles are damaged. Such contraction is produced 
only at the make and break of the current, especially at the 
make, and consequently the constant current applied by 
means of electrodes immediately over the degenerated 
muscles, with frequent interruptions of the current, is of use 
in the treatment of such conditions, by keeping up the 
nutrition of the paralysed muscles and retarding their 
wasting. This method, in which one electrode — either the 
negative or positive pole, according to the kind of case — is 
stroked over the degenerated muscles, is known as the 
labile method. 

Stabile galvanism, in which the electrodes are kept ap- 
plied to the parts that are being treated, and in which 
the current is allowed to run smoothly in the same direction 
for several minutes without interruption, is often useful 
in the treatment of vasomotor disorders, such as Raynaud's 
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isease, "dead fingera," chilblains, exophthalmic goitre, 
and in other cases where pain is a ptominent feature, as in 
the pain of a subsiding neuritia, in sciatica, brachial neu- 
ritis, and rheumatoid arthritis. Sometimes this form of 
current may also help in relieving spasm, as in spasmodic 
torticollis, and the occupation neuroBes. As an ancdyne, 
the positive pole or anode has the greater sedative effect, 
and this may be applied over painful spota, as in trigeminal 
neuralgia. By means of this current, also, drugs may he 
introduced through the skin into the circulation, by the 
process known as cataphoreais. Thus, using the anode lb 
the active electrode, cocaine may be apphed to render the 
skin anffiathetic, by wetting the terminal with a strong 
solution of cocaine, and pressing the electrode on the skin, 
passing a steady cuiTent of 10 ma. for five minutes. 

The sinusoidal current for treatment is generally 
obtained from the alternating ctirrent electric lighting mains, 
but it may be produced by means of a small motor-trans- 
former in places where the direct current is supplied, or 
by using a battery of accumulators. Single-phase and 
three-phase currents are used, though there is no particular 
advantage in using the latter, except in some cases where 
three hmbs require treatment at the same time, which may 
be done by using the arrangement known as Dr. Schnee's 
bath. The sinusoidal current is an alternating current 
much i^moother in character than faradism, though some- 
what similar in ita effects. It tctanises muscle, though it is 
less painful for the same degree of contraction. It is oftj;n 
used for the treatment of atrophied and degenerated 
muscles, though for this purpose I consider it far inferior 
to reversals of galvanism, or to faradism. Dr. Eeginald 
Morton advocates the use of a sinusoidal current of very 
low periodicity, and claims that it produces contraction in 
degenerated muscle, as in caaea of infantile paralysis, much 
reversed galvanism docs. I use the sinusoidal current 
[j in the treatment of spastic conditions, using arm 



6 ELECTRICAL TREATMENT 

and leg baths, aa in Dr. Schnee'a bath, in cae-js of transverse 
myehtia, disseminated sclerosis, and hemiplegia. It ie in 
cases of comparatjvely recent onset that I have seen the 
best efEects produced by this treatment, the rigidity in hemi- 
plegia certainly seeming to benefit conaiderably, and caseH 
of apastic paraplegia due to diaaeminated acierosis, myelitis, 
etc., often gaining in strength, with a corresponding diminu- 
tion of the rigidity. I have, however, found no l>enefit from 
this treatment in cases of long-atanding spastic paralysie 
where the rigidity is great, as in old cases of hemiplegia, 
especially if there are marked athetoid movements. 

The pulsating: unidirectional current, which may be 
produced by modifying the sinusoidal current by means of 
a commutator on the motor- transformer, or by means of 
the Nodon valve, will have praotically the same effect as 
a rapidly interrupted galvanic current, auch as may 
produced by means of an apparatus known as the Ledue 
motor. It will have electrolytic efiecta, though somewhat 
inferior to the smooth conatant current, and will be mor 
painful. 

Static electricity has for long been recognised i^ 
America, and to a less degree on the Continent, as a mow 
valuable therapeutic agent. It has, however, until c 
paratively recently been looked at somewhat askance i^, 
this country, the machines being regarded more as play- 
things than of real practical benefit in the treatment t^ 
disease. This has been due chiefly to the small size of th« 
machines in use. To get anything like really valuably 
results, large machines must be used, consisting of eigM 
plates of thirty-six inches diameter. These machines witk 
their necessary accessories are costly and take up a coUi 
siderable amount of apace. They require an electric motoi 
to drive them, and conacquently are not easily available 
Of late years there has been what might be described as 
boom in the uae of high frequency currents, and a con 
aponding diminution in the attention given to static tio 
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tricity, though thete can be little doubt amongst unbiaBsed 
observers of the greater therapeutic value of the latter. 
Static electricity may be administered either as positive 
charging, or as the negative breeze, or in the form of 
sparks. 

The general indications for treatment with this form 
of electricity are symptoms of neurasthenia, functional 
headache, insomnia, depression, and functional paralysis 
and anaesthesia. Its e£[ects are stimulating and invigorat- 
ing, raising the blocd -pressure and increasing the action of 
the skin. It is said to exert a stimulant action on meta- 
bolism ; and since the current is unidirectional, rese^mbling 
galvanism in this respect, it may well be that this form of 
current may exert a chemical action of th&t nature on the 
exchange processes in the tissues. It is especially in cases 
of low blood -pressure that treatment by static charging 
is indicated, and persons whcse blocd -pressure is already 
high may be made uncomfortable by it. 

Hig^h frequency currents are supposed by many to 
have effect on the metabolism, and to be beneficial in cases 
of gout, rheumatism, diabetes, and anaemia. The general 
effect of this current is to lower blocd -pressure and to act 
as a sedative in states of mental excitement. It is often 
useful in cases of neurasthenic headache, especially when 
combined with light massage to the head. The claims that 
have been made for its curing cases of gout, rheumatism, 
diabetes, and pulmonary tuberculosis are unsubstantial, 
and are to be ascribed more to the enthusiasm of the ob- 
server reporting the cases than to any real and lasting 
benefit accruing from its use. For local treatment of atony 
and dilatation of the stomach, for chronic uterine diseases, 
venereal diseases, and piles, similar claims have also been 
made, with an equal degree of justification. For oertain 
chronic diseases of the skin high frequency cninD^ 
undoubtedly have a beneficial effect, as in lupw. 
acne, and pruritus, and in indolent ulcers xtqii 
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stimulation. Lastly, for alopecia and commencing bald- 
ness, high frequency currents adminiat«ied to the scalp by 
means of the vacuum electrode, have been found to arrest 
the loss of hair and even to cure the alopecia. 

For practical purposes there are two methods of adminis- 
tering high frequency currents : (1) by auto -condensa- 
tion, and (2) by local treatment by metalUc points, vacuum 
electrode, or by the effluve or brush discharge. There is 
a third method of auto-conduction, in which the patient is 
placed entirely within a large solenoid, but it is a cumber- 
some method and has not been found to present any 
special advantages. 

APPARATUS AND OUTFIT REQUIRED 
This will be described in the following order : — 

1. Faradism. 

2. Galvanism. 

3. Sinusoidal current and its modifications. 

4. Static electricity. 

5. High frequency currents. 

1. Faradism. — It is not proposed here to give 
in any way an historical review or exhaustive index of all 
the difierent kinds of faradic batteries that are being or 
have been used. I shall give the essentials for an efficient 
battery, with a short description of two or three forms 
now on the market. The best type of battery for the 
practitioner will depend on the conditions of his practice — 
whether the battery will have to be carried about from 
patient to patient, or whether it is intended for consulting- 
room use only. In the majority of cases the battery will 
be taken to the patient's house for the treatment, and it 
will therefore be clearly an advantage to have a battery of 
moderately small dimensions and as light as possible. 

The cell that is now universally used to drive medical 
coils is of the Leclanche type, and I should strongly 
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recommend anyone purchasing a battery for medical pur- 
poses, whether for faradism or for galvanism, to have it 
fitted with dry cells and not wet ones. The dry cells can 
be carried in any position, and are much lighter, an impor- 
tant point with a battery containing forty cells, such as 
is often required for galvanism. Moreover, they give no 
trouble in the creeping of the salts, with erosion of the wires 
and binding screws, such as wet cells so constantly give. 
On the other hand, when exhausted, the cells cannot be re- 
newed, but must be discarded, and new ones fitted, a pro- 
cess which must be repeated from every six months to two 
years, according to the amount of use to which the battery 
is put. The well-known Obach and Hellesen cells are both 
good ones ; these can be obtained in various sizes for dif- 
ferent batteries. For a faradic battery one or two cells only 
are required, but a much larger cell is necessary than is 
used in most galvanic batteries, as volume of current in the 
primary coil is required rather than high voltage. This 
size of cell is usually sold for half -a -crown. 

A point of great importance in the production of a 
smooth current in the secondary coil is that the inter- 
ruptor hammer should vibrate directly against the iron core 
of the primary coil. This hammer of the interrupter may 
be either a rigid red working against a small coiled spring, 
or the interrupter itself may be made of a piece of steel 
spring, the latter form being usually the most conve- 
nient, and a high rate of interruption may be maintained 
with it, giving a fairly smooth current in the secondary 
coil. With this form of interrupter, the iron core must be a 
fixture and cannot be withdrawn, weakening of the primary 
induced current being arranged for by slipping a brass 
tube over the iron core, thus cutting ofE the magnetic field 
from the primary coil. As the brass tube is slowly with- 
drawn, so the primary coil is excited by the magnetic field, 
and the primary induced current becomes stronger and 
stronger, until the maximum is reached with the complete 
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withdrawal of the tube. If the inteiruptor hammer is a 
rigid bar, as in the Stohrer batteries, the other end of the 
bar must be prolonged beyond the pivot and attached to a 
coiled spring, the tension of which can be varied by means 
of a screw. In some German types of faradic battery the 
interrupter hammer is made to vibrate against a separate 
small electro-magnet included in the circuit. This is done 
in order that the iron core of the primary may be made 
movable, and can be withdrawn so as to diminish the 
strength of the primary current. The current from this 
type of machine is, however, not so smooth and steady as 
in those in which the hammer is attached to a stiff spring 
and vibrates directly against the iron core of the primary. 

One advantage of having a separate magnet for the 
interrupter, and a movable iron core for the primary coil, 
is that by complete withdrawal of the iron core there is no 
longer any magnetic field effect on the secondary and 
primary coils. The induced current in the secondary coil 
is now very much weaker, and is produced only by induc- 
tion from the primary induced current in the inner coil. 
It is therefore of much shorter duration, and consequently 
less painful, though good muscular contractions may be 
obtained by this method. To obtain a current comparable 
in strength with a medium strength current obtained when 
the iron core is in use, it will be necessary to push the 
secondary coil much further over the primary when the 
iron core is taken out. 

The strength of the faradic current obtained from the 
secondary coil, usually called the secondary current, may 
be varied in several different ways. This may be done 
by keeping the secondary coil permanently fixed over the 
primary coil, and diminishing the strength of the primary 
induced current either by withdrawing the iron core, or 
by slipping a brass tube over the iron core. Witii the 
latter method the primary and secondary induced currents 
will be at their strongest when the brass tube is completely 
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wit^dtawn, but with a movable iron core the currents will 
be weakest when the core is completely withdrawn. Either 
of these two methcdB may be adopted in the case of small 
and cheap faradic batteries, where economy of space and 
of coat ia desirable. 

Such a battery ia that known as Dr. Spamer's coil, sold 




by Messrs. Schall for £1 (Fig. 1). This is a small, compact 
battery driven by one dry cell, which is said to work for 
forty to sixty houiu. There iu a spring vibrattng hammer, 
with a fixed iron core and fixed secondary coil, the varia- 
tion of the strength of both the primary and the secondary 
induced currents being arranged for by slipping a metal 
tul)e over the iron core. There is a switch for the starting , 
of the battery current, and two pairs of binding screwM 
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for the attachment of the electrode wires for obtaining 
either the primary or the secondary current, 

A third way of regulating the strength of the secondary 
current is by arranging for the secondary coil to slide over 
the primary, the current diminishing in strength as the 
secondary coil is withdrawn from the primary. This is a 
much more delicate and exact way of graduating th.e 
strength of the secondary current, and such coils are known 




as sledge coils. They take up more space ard are more 
costly than the simpler form of battery previously de- 
scribed. A gocd example of this form of faradic battery 
is that designed by Dr. Lewis Jones, usually costing £2 
{Fig. 2). It has a spring hammer vibrating against a 
fixed iron core, and the primary current is not made use 
of. The secondary coil slides over the primary, and the 
coil is divided into two unequal parts, each of which is 
connected to two of three binding screws provided. By 
this arrangement the current from one-third, two-thiida, 
or the whole of the secondary coil may be employed, which 
has certain advantages, as we shall see lat^r. The bat- 
tery is driven by one large dry cell, said to supply current 
for eighty hours' working of the coil. 
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Another way of regulating the strength of the primary 
and secondary currents is by graduating the strength of 
the exciting current from the driving cell ; this is done by 
means of a starting switch making contact with a series 
of metal knobs, each connected with resistances of dif- 
ferent strengths. Lastly, in some secondary coils with 
long windings of 10,000 turns, the winding may be tapped 
at different lengths. By means of a radial switch and five 
metal knobs attached to the winding at 2,000, 4,000, 6,000, 
8,000, and the full 10,000 turns, the stre^gth of the 
secondary current at the binding screws will vary accord- 
ingly. The electromotive force of the induced current 
in these long coils is higher than in a coil of only a few 
hundred turns, and the effect of the current on the cuta- 
neous sensory nerves is greater, so that for producing effects 
of sensory stimulation of the skin it would be better to 
choose a coil of long winding and to use the coil with the 
iron core kept in. For producing good muscular contrac- 
tions with comparatively little cutaneous sensory effect, 
experiments by Drs. Head and Lewis Jones have shown that 
with a very high rate of interruptioES, 200 to 300 per 
second, good muscular contractions may be pi*oduced 
without any painful effect at all being produced, so long as 
the muscle is not strongly tetanised. If the muscle is 
thrown into strong cramp, there may be severe pain 
from stimulation of the sensory nerve-endings within the 
muscle, not from stimulation of the cutaneous nerve- 
endings. 

Tracings of the curve of the electromotive force 
developed by the induction current of any coil may be 
obtained by photographing the curves obtained by means 
of an instrument known as the oscillograph. Dr. Head 
has found that with currents lasting less than one eight- 
thousandth of a second in duration no painful effect is 
produced on the skin. 

Unfortunately, we possess no convenient means of 
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measunng the intensity of the faradic current, comparable 
to the galvanometer which is used for measuring the 
constant current. The better made and more expensive 
sledge coils have a graduated scale on the sledge, with a 
pointer attached to the end of the movable secondary coil, 
so that the distance through which the coil is moved away 
from or towards the primary can be accurately measured ; 
and supposing that the driving current of the coil is the 
same, and that the interruptor is vibrating in the same 
way, on any two different occasions, then the same in- 
tensity of secondary current can be obtained on both occa- 
sions by seeing that the secondary coil occupies exactly 
the same position on the sledge. In practice, the medical 
man will get to know the approximate strength of the 
current developed by his coil with the different positions 
of the iron core or brass slip-tube, and with the different 
positions of the secondary coil, if his coil is of the sledge 
type. The strength of the muscular contractions pro- 
duced by the current in normal muscle will be a good guide, 
as will the degree of sensory stimulation to the skin when wet 
electrodes are applied to it. 

A good plan will be for the medical man always to 
make a practice of starting with a weak current, and to 
try the current upon his own hand first with properly 
wetted electrodes before applying it to his patient. 
As soon as he perceives a definite sensory effect, and slight 
contractions of the hand muscles, he may begin to apply 
the current to his patient, strengthening it very gradu- 
ally as occasion arises. Thus the dosage of the faradic 
current is always uncertain, in the absence of any accurate 
means of measuring the current, but with a little prac- 
tice a fair estimate of the comparative strengths of the 
current required in different conditions can be easily 
made. 

The indications for using the primary or the secondary 
induced current, and the different methods of using the 
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currents, will be referred to in the chapter specially 
devoted to the faradic current. 

2. Oalyanism. — ^For treatment by galvanism a 
larger and more expensive battery, containing a much 
larger number of cells, is required than for faradism, 
though its arrangement will be much less complicated. 
The simplest form of constant current battery is that 
known as a patient's battery, consisting of small dry 
cells, from four to forty in number, arranged in series — 
that is to say, the positive pole of the first attached 
by a wire to the negative pole of the second, and so on 
for all the cells, the two unoccupied poles — ^the negative 
at one end of the series and the positive at the other — being 
connected by wires to metallic plugs in the front of the case, 
to which the wires carrying the treatment electrodes can 
be attached. Besides these two plugs, there will also be 
a number of others connected by wires to intermediate 
cells in the series, as the third, sixth, ninth, twelfth, and 
then every alternate cell up to the full number, all these 
plugs being arranged in a row along the outside of the 
front of the battery, and numbered 0, 3, 6, 9, 12, 14, 16, 
etc. In addition, there is figured the sign — at the one 
end (usually the left) to mark the negative pole, and 
the sign + at the other end to mark positive pole. 
With this arrangement the battery can be locked, and 
need never be opened by the patient or nurse who is 
given the battery to use, and it is almost fool-proof : an 
important consideration in a galvanic battery which may 
be given into the charge of persons totally ignorant of 
electrical matters ; for if the cells or their connections 
are meddled with, the battery is very easily put out of 
order, and will be completely spoilt if the terminals at the 
two ends of the series of cells be short-circuited by a wire 
joining them, even for a few minutes, or if the wires of 
the treatment electrodes, when the battery is in use, 
allowed to remain in contact. 
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These galvanic batteries are filled with small dry 
Iieclanchfi cells, size about i in. by 1^ in. by 1^ in. Each cell, 
when new, has a voltage or EMP of 1'5, and an internal 
resistance of about .3 ohm. The cells should be either 
" Helleaen " or " Obach," as these last better than moat 
others. A battery of twenty-four of these cells when new 
will, therefore, give a current of about 36 volta, which will 
be sufficient for most purposes of treatment. Yet occa- 
sionally a greater .voltage will be needed, as in cases of 
sciatica, when it may be required to send a current of 
20 ma, or even more through the limb from the buttock 
to the foot. In such a case the resistance of the patient's 
skin and tissues will probably be not less than 3,000 ohms, 
and by using the formula C = ^, where C = the current 
in amperes, E = the voltage of the battery, and R = the 
total resistance of the battery, electrodes, and patient's 
skin and tissues, it will be seen that in order to obtain 
a current of 20 ma. it will be necessary to use a battery of 
not leas than forty new Leclanche cells. As the cells get 
older, and the more they are used, so their voltage falls 
and at the same time their internal resistance usually 
increaaes, and thus the efficiency of the battery diminiebes. 
It will thus be seen, from the equation above given, of 
what great importance it is, in order to get the greatest 
possible strength of current out of a galvanic battery, 
that the factor R shall be kept as low as possible, and 
this will be best done by seeing that the patient's skin 
and the electrodes are thoroughly wetted (best with bi- 
carbonate of soda solution) and that the electrodes &re 
kept in close apposition to the skin. With care in this 
direction the total resistance may sometimes be brought 
down to 2,000 ohms or even less, and the strength of cur- 
rent obtainable through the patient's tissues is thus pro- , 
portionately higher. For the treatment of facial paralysis^ ' 
where only a small current of about 3 ma. is required, the. 
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patient's reBiatance may be brought a3 low as 2,000 ohms 
or less, using one electrode applied behind the ear and 
the other stroked over the face, and for this purpose a 
amall battery of six, or even four, cells will be sufficient. 
With such batteries are usually supplied wires and 
electrodes for treatment, consisting of a flat fiannel -covered 
leaden electrode and a circular covered pad fitted to a 
handle. The wires are flexible, cotton- or silk-covered, 
about four feet in length, and one will have a forked end 
in order that the number of cells in use may be gradually 
increased two at a time without interrupting the current. 
This wire should always he used on the right-hand side of 
the battery. 

There is a considerable difierenco in the prices of these 
battsries as marked by difierent makers. Since the retail 
pfic« of the ceils is Is. fid. each, and the battery conneo- , 
tions are simple and inexpensive, an 18-cell battery shouldH 
not cost more than £2, nor a 40-ceil battery more than £4,,*1 
These batteries are necessarily heavy, a 40-cell battery' I 
weighing 30 lb. The more finished galvanic batteries, fitted I 
with a current collector and a current reverser, such as M 
would be suitable for the medical man himself to use both fl 
for diagnosis and treatment, arc necessarily more expen- 1 
sive, a 32-cell costing between £6 and £7, or with a smaU'V 
D'Arsonval galvanometer £2 more. "l 

The type of battery shown in Fig. 3 is more finished- 
looking and more presentable than that previously de- 
scribed. The cells are hidden from view by a polished 
switchboard, carrying a current collector consisting of an 
ebonite base fitted with a number of separate metallic 
knobs placed close together in the form of a ring, each of 
which is connected underneath with the carbon of one of 
the cells, in regular order, while another wire connects 
the Bine of the first cell to the negative binding screw. A 
crank, connected by a wire to the positive binding screw, 
and pivoted in the centre of the ring of knobs by means 
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oi a spring contact, can be brought into connection with 
any one of the knobs, which are placed close together bo 
that the crank contact in passing from one knob to tiie 




other is in contact with two knobs at the same time, in 
order to avoid interrupting the current while more odb 
are thrown into action. Care should be taken, however, 
not to leave the crank in connection with two of the knobs 
for more than a moment, as while it is in this position the 
second cell is being short-circuited. In the cirouit aro 
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also placed two other binding screws for the attachment 
of a galvanometer if desired, or, if this ia not wanted, the 
screws may he joined together by a wire. 

A galvanometer is a valuable addition to the battery. 
The best form is that known as D' Arson vat's , the small 
size, graduated to read to five milliamp^res, with a shunt 
to make it read also to fifty milliampferes, being obtain- 
able for ^^ These galvanometers are dead-beat 
— that is to say, the needle indicating the current on 
the graduated Bcale moves at once to the point, without 
oscillating backwards and forwards before coming to 
rest, as do those galvanometers in which a permanent 
magnet is employed. In the D'Arsonval galvanometer no 
jiermanent magnet is employed ejicept to aurr'^und tiie 
working parts and protect them from outside magnetic in- 
fluences, and they are therefore independent of the earth's 
magnetism, and c an work j a an y positio n, and are unin- 
fluenced by neighbouring magnets or electric lighting cur- 
rents or dynamos. 

The principle on which they work was first suggested 
by Lord Kelvin, to replace the permanent magnet of the 
old type of galvanometer by a solenoid, a long coil of very 
fine wire wound on an aluminium frame, and suspended 
so that it can move freely between two points. The frame 
IB attached to two hair-springs, which always bring it back 
to the zero position, and a needle is also fised to the frame 
as an indicator, which moves over a graduated scale. Wlien 
a oiirrent circulates in a neighbouring coil of wire, another 
current is induced in the solenoid, and the latter is attracted 
or repelled according to the polarity of the inducing cur- 
rent. The flhunt is an arrangement by which, by me ana 
of turning a screw, nine-tenths of the inducing current can 
bo short-circuited away from the inducing coil, so that the 
solenoid is now influenced by only one-tenth of the current 
which is actually being used on the patient. The same 
galvanometer scale may thus read from 1 to 5 ma., or from 
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10 to 50. Larger galvanometera are made with two ahnnta, 
foi tens and hundreds tlie same B<.ale then reading for 
5, 50, or 500 mill lamp eres according as to whether no ahunt 
is being used, or that for one tenth or for one-hundredth 
(Kg. 4). 




The older type of galvanometer, in which a permanent 
magnet was snsp ended upon a st^el poin t, should be entirely 
ai?6ided, as they are far more troublesome and very in- 
aceurate owing to the great friction at the pivot and tiie 
constant breakagea of th e need le-point on which they are 
8uspen3ed. Another type, the floating galvanometer of 
SchulmeiBter, is fairly accurate and requires no attention, 
but, like all the horizontal galvanometers using a permanent 
magnet, it will work only in the horizontal position, and is 
not dead-beat, req uiring sever al seconds before the needle 
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comes to rest — a great nuisance in practical electro-thera- 
peutics. The current reverser fitted on the switchboard is 
necessary in the diagnosis of the condition of wasting 
muscles, and is also often of use in treatment. 

The electrodes necessary in the equipment of the battery 
are two flat pad electrodes, about 6 inches by 3 inches, 
and two circular pad electrodes about 1 inch and 1^ inch 
in diameter. For treatment of facial paralysis I prefer a 
narrow flexible electrode, J inch in width by 2 inches in 
length. It will be advisable, to have three or four spare 
circular pad electrodes which can be screwed on to the 
treatment handle when required. The form of covering 
I pr efer is chamois leath er, as when thorougniy wetted 
it retains the moisture better than webbing, and slips more 
easily over the skin. It will be advisable to have fresh 
covering fitted on to the electrode for each patient, and 
this can easily be done at home. 

The wires to connect the electrodes with the battery 
should be each about 5 feet in lenp jth. Those usually 
sold for this purpose are covered with cotton or silk, one 
red and one green in order to distinguish the poles, and 
attached at both ends to rigid metal pins for connection 
to the binding screws of the battery and electrodes. These 
I consider unsatisfactory for several reasons : the metal 
pins are difficult to attach to some binding screws which 
are not pierced, or if the hole is not large enough to receive 
the pin ; the flexible copper core inside the cotton or 
silk covering, made up of a sheaf of fine wires, is very 
liable to break at its junction with the rigid pin, so that 
the current is interrupted without any break being ob- 
vious ; the wires are comparatively costly to renew. Wires 
covered with cotton alone do not insulate the current 
properly, especially if wetted, and when the wires touch 
the uncovered skin of the patient considerable pain may be 
caused at the point of contact. 

The best wire connections in my experience are mad' 
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ordinary electric-bell wire, the copper wire core being 
covered with rubber, with an outaide-coat ot waxiSTlottoii. 
A dozen yards of this may be purchased for sixpence, and 
it is the matter of only a few minutes to cut two lengths 
of four or five feet and remove the covering from the 
copper wire core for the last inch at each end. This form 
of terminal can be easily fastened securely to any bind- 
ing screw, and the end is easily renewed when broken ; 
and when the wire becomes too short, or if it gets broken 
in thfi middle, a new length may be cut from the reserve. 
Should the current fail aft«r everj-thing has been arranged 
for the treatment and the switch turned on, it will be 
advisable to t*8t the wires before examining the cells in- 
side the battery, aft*r first looking at the binding screws 
to see if they are screwed up tight. The best way to 
test the wires is to attach one to a binding screw of 
the constant current battery, and turn on the Crank 
of the collector four or five cells ; then with the other 
end of the wire, after pulling the wire taut with the hand, 
momentarily to touch the other binding screw. If the 
galvanometer indicates the passage of a current after test- 
ing each wire, the wires are probably intact, and the fault 
cannot have been in the batterj' or wires, but must have 
been in the electrodes, or in their mode of application to 
the patient. Occasionally, however, even this mode of 
testing may fail at the first attempt to locat« the faultjr 
wire, as the wire may be broken and yet the broken ends 
may be kept in close apposition by the silk covering most 
of the time that it is being used, giving a jerky, intermpted 
current that is most objectionable to the patient. 

Two batteries are thus necessary to the practitioner 
— a faradic battery, such as that designed by Dr. Lewis ■ 
Jones, and a galvanic battery, preferably of tlurty*two cell^ 
or even forty, the latter being fitted with a current ool* 
lector, current re verse r, and D'Arsonval ealvanometM ^ 
with two pails of wires, and several treatment electndeB. 
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I outfit will cost £2 for the faradic batte ry, and 
£8 12s. forathirty-two-celTgalvanic battery. FortheBame 
total coat, exactly, a combined battery could be bought, 
coatainiiig the faradic apparatus, though of a leas efficient 
deaign, and thirty-two cella for galvanism, and the gal- 
vanometer, with current collector and current reveraer. 
This combined battery will, however, be necessarily much 
heavier than either of the other two, and will be far less 
convenient to use for treatment at the patient's house, as 
when faradiam only is required, instead of the small and 
compact faradic battery only being taken, the same heavy 
combined battary has to be carried on all occaaioca, 

A combined battery, of aomewhat better design, will be 
very useful for consulting -room work for those practitionera 
who have experience of batteries and of the technique of 
muacle- testing. In such a combined battery the faradic 
apparatus, aledgc coil, interruptor, and atarting awitch 
are usually arranged on one side, with two large dry cells 
in a separate compartment underneath to drive the coil, 
while in the centre of the switchboard will be placed the 
single or double collector for the galvanic current, a 
rheostat, galvanometer, current reverser, De Watteville 
commutator, and two binding screws in front for the 
attachment of the electrode wires. 

The De Watteville commutator ia a convenient awitch, 
by means of which either fatadism from the induction coil 
or galvanism from the collector may be led to the same 
pair of binding screws, avoiding the necessity of changing 
the wires. It is usually arranged so that when the com- 
mutator is directed to the left, marked G, the galvanic 
current ia led to the electrcdes, and when turned to the 
right, marked P, the faradic current ia obtained. 

When the commutator is placed exactly in the midway 
position, both currents are at the same time led to the 
electrodes, By an arrangement of the wire connections 
beneath the switehboaid, the secondary coil is then pb-- 
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in scries with the cella supplying the galvanism, the faradic 
current thus passing through all the galvanic cells, and the 
galvanic current passing through the coil before reaching 
the electrodes. The resistaiice thus experienced by each 
current before its exit from the battery will diminish a 
little the intensity of the available current, yet it is occa- 
sionally useful to apply in treatment combined faradism 
and galvanism in this way. It ia, however, important 
that, before using his battery in this way, the practitioner 
should teat for himself to see that the coupling up of the 
faradism and galvanism has been properly done by the 
electrician before sending the battery out. The negative 
pole of the one should be connected to the positive pole 
of the other, the electrodes being connected to the two 
extreme poles. If this is done, it can be easily demon- 
strated that with a given strength of faradic current its 
tetanising efiects upon muscle are much enhanced by turn- 
ing on a galvanic current of about three milliamperea. 

This is best seen when the interrupter of the coil current 
ia made to vibrate quite slowly, so that the individual con- 
tractions produced by each faradic shock are just visible. 
The addition of a comparatively weak galvanic current by 
this process of " gal vano- faradisation " makes the indi- 
vidual muscular contractions produced by the faradic 
shocks much stronger. This is due to a local condition 
of katelectro tonus set up in the neiglibourhood of each 
electrode. It is useful to be able to make the interruptor 
of the coil work quite slowly sometimes, which can be 
done by means of an aluminium bent wire fitted on to the 
top of the interruptor, with a sliding weight. This can be 
BO adjusted, by screwing up or imscrewing the contact 
point of the interruptor, that any desired speed between 
two and 40 interruptions per second can be obtained. 

In districts where the continuous current ia available 
for electric lighting it will be convenient to make use of it 
in consulting-room practice for faradisation and galTanisa- 
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laon by means of a suitable Bwitchboard (Fig. 5). This 
may be made either of poliahed wood, alate, or marble, 
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either of the latter being preferable to wood in districts 
where the voltage of the electric supply is from 200 to 
250. The current ia led on to the switchboard from a 
wall-plug, two IC -candle -power lamps being interposed 
as a resistance for the faradic apparatus, if the voltage ia 
100 volts, and 32-candle lamps being used with the higher 
voltage. 

The cunent, after passing through the two lamps, is 
ted to an ordinary faradic apparatus with int«inipting 
hammer, primary coil, and secondary sledge coil, etc. 
For galvanism, the current from the main is led through 
a resistance of a lamp of 8- or 16 -candle -power, according 
to the volume of current required, and thence to a volt- 
selector. This consists of about 500 turns of insulated 
platinoid wire wound tightly on a slate bed, the insulating 
material being sand-papered o5 the surface of the coils 
of wire, leaving the aides of the coila atil! insulated from 
each other, the total reaiatanoe of the coila of wire being 
not leas than 500 ohms. A spring contact sliding on a 
metal bar can be alid along over the coils, and the wires 
carrying the main current are connected, one to each end 
of the platinoid coil (Fig. 6). 

Two other wires connect the right-hand end of the 
platinoid coil and the rigid bar of the aliding spring con- 
tact to the two binding acrewa for the attachment of the 
wires leading to the patient. The patient ia Ihua placed 
in a ahunt circuit, and the apparatus may be called a shunt- 
rheostat, or a volt- selector. The galvanometer is inserted 
in the circuit between the sliding spring contact and the 
left-hand binding screw. While the sliding spring contact 
is at the right-hand end of the platinoid coil, the £MF. 
in the patient's circuit is only a small fraction of a volt, 
and this is gradually and steadily increased, without any 
jumps or shocks, as the shding spring is pushtd alcng the 
bar towards the left, the available voltage being propor- 
tionate to the voltage of the main supply and the cardie- 
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power of the lamp uaed in the resistance. Thus, with a 
100-volt supply and a 16- candle -power lamp, the maximum 
voltage available in the patient's circuit is about 455. The 
galvanometer is of the D'Araonval type, and should be 
fitted with a shunt enabling it to read to 5, 50, or 500 ma. 




Diagiam of shunt rheoatat, or volt^saleotor. 



A voltmeter may also be fitted, if required, and there are a 
De WatteviUe commutator for faradism or galvanism, and 
a current-reverser for the galvanism. This apparatus is 
very convenient for applications of faradism and muscle- 
testing in consulting -room practice, or for local applica- 
tiona of galvanism, as for the treatment of wasted muscles. 
The same apparatus may be obtained in a portable box 
form, with an adaptor plug and cord for fixing on to a 
lamp socket, bo that the battery can be used wherever 
there is a constant current main supply. 

If, however, larger currents of 15 or more ma. are to 
be used, as for the treatment of sciatica, for electrolysis, 
or for the electric bath, then there is a certain amount 
of risk of inconvenience or even danger in thus using 
the main current from the direct current supply. This is 
due' to the liability to sudden interruptions of the current 
or partial temporary failure of the so^^Vj, owKii^'Wi 'la.-s^* 
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occurring either at the power station or in the underground 
cables. Such sudden interruptions in the voltage o£ the 
current supplied would cause quite unpleasant shocks to 
the patient if a constant current of even 10 ma. were being 
applied ; while if such currents were being applied in the 
neighbourhood of the head or neck, or if a general electric 
bath were being given, the results might even he serious. 
Besides these accidental causes of interruptions of the cur- 
rent, interruptions are liable to occur, usually at stated 
times of the day, owing either to changing from one 
machine to another, or to the switching on of a battery of 
^^ accumulators. To obviate this risk of shocks, either a bat- 
tery of LeclancLe cells should be used for the administration 
of constant currents of 8-10 ma. or more, or else a battery 
of accumulators, which may be charged in the conaulting- 

m itself from the main, through a suitable resistance. 

epp. Ill nnd 270.) 

3. Sinusoidal current. — By this, as we have said, 
is meant an alternating current whose curve of electro- 
motive force in both positive and negative phase varies 
perfectly constantly and smoothly, in what is known as a 
sine curve. For all practical piirposes the current from 
the electric lighting mains, in those districts supplied 
by an alternating current, is a sinusoidal current, and it 
may be made use of after passing it through various trana- 
formers, to be described presently. In those districte 
which are supplied by the direct or constant current, or 
where a battery of accumulators is available, a sinusoidal 
current may be obtained for treatment by the use of a 
motor-tranaformer, the motor being wound according 
to the voltage of the continuous current supply available, 
such as a 12-volt motor for accumulators, or 100-, 200-, 
or 240-volt motor for the direct electric lighting cuirenta. 
Such a machine, to produce a single-phase alternatjng 
current, with the addition of a sledge transformer to vary 
the strength of the sinusoidal current gradually, costs about 
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£13 (Fig. 7). A similar machine, for producing three- 
phaae sinusoidal cuirents, with three sledge tranBformers, 
costs £li more. 

In these motor transformers the direct current is led 
into the armature of a direct curreot motor, revolving in 
the field of an electro -magnet. Wires from two opposite 
points of the armature are led on to two collector rings, from 
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which a Bingle-phase alternating current is taken off. If 
three-phase sinusoidal currents are required, a third collector 
ring must be added, and the winding of the armature must 
be equally divided into three parts, one end of each being 
connected to one of the three slip rings, while the other 
three ends are joined together. Owing to the reversal of 
the direction of the current that is induced in the upper 
and lower halves of the armature by the naagnetic field, the 
current that is obtained from the two slip rings which are 
connected to the two halves of the armature is an alter- 
nating or ainuaoidal current. The voltage of this cur- 
rent will be proportionate to the voltage of the current 
that is used to drive the motor, as 1 \fi. The effici- 
ency of these small motors will lie about CO per cent., 
and for a 240-volt direct current a sinusoidal current of 
^Ut 150 volts will l)e obtained. 

i current will not be safe from the risks of e 
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for the application of galvanism and faradisation, ho that 
with such an apparatus a variety of currents may be 
used 1 faradism, of varying speeds of interruption ; gal- 
vanism, with slow interruptions by hand, or with rapid 
reversals by the Ijeduc revereer ; a pdsating untdirect-ional 
(or sinusoidal eonstant) current ; and single-phase or 
three-phase sinusoidal currents. 

In districte which are supplied by alternating current 
for electric lighting, this main current may be made use of 
by a comparatively simple and cheap apparatus for the 
application of single-phase sinusoidal current for either 
local or bath treatment. This current, which is circulating 
in the street mains at a pressure of 1,000 volts or more, 
is led into a stationary transformer, built somewhat on the 
principle of a faradic coil, as soon as it enters any building. 
This transformer is always situated in a cellar, or similar 
position, and is usually enclosed in, a strong wire cage, 
so that it shall never be interfered with by unauthorised' 
persons, as the current nmning in the wires which lead into 
the street, being at a pressure of 1,000 volts or more, is 
highly dangerous to life. In this transformer the voltage 
is reduced to 300 or 100, and after passing through fuses 
and the meter, is led throughout the building. Thus, in 
the con suiting -room the alternating current is available 
from a wall-plug or lamp-socket, and the only apparatus 
necessary for its use in application to patients foi local 
treatment is a sledge -transformer, costing £2, or a volt- 
regulator — the latter, with fuse, lamp for signal and safety 
resistance, and mounted on slate, costing £4. 

For bath treatment a similar apparatus is necessary, with 
the addition of a stationary coil-transformer, costing five 
guineas (Fig. 8). This coil -transformer, as has already 
been explained, is cdded in order entirely to isolate 
the current used for treatment from the current in the 
main, so that there shall be no danger from accidental earth 
contact through gas or water pipes, or electric switches. 
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Magneto- therapy.— Though absolutely no physio- 
logical effects are produced by the action of the Btrongest 
electro-magnets excited by the direct current, yet, ii power- 
ful alternating current magnets are used, definite, results 
are obtained. When the patient approaches such a 




magnet, alternating currents are induced in his body, 
and owing to the stimulation of the retinw flashes of light 
are Been, a sensation of warmth is felt, and it is said that 
headache and other neuralgic pains may be diminished. 
Such treatment is said to have a great sedative effect 
and to promote sleep. Such magnets require to be worked 
by heavy currents u]> to 40 a-mperes, and cost about 
10 gnineas. 
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4. Static electricity, — For treatment by static elec- 
tricity, the Wimshurat type of machice is uiuTeraally 
employed in this country. The details of ita mechanism 
need not be gone into here ; BufEce it to say, that large 
machines are necessary to produce satisfactory results, 
not less than eight glass plates of 30 inches diameter 
being advisable, while 36-inch plates are preferable. The 
voltage of the current obtained depends on the diameter 
of the plates and on theii speed of rotation, while the volume 
of the current, or number of milliamperes, depends on the 
diameter of the plates and on their number. 

Various forma of Wimshurst machines are made by 
different makers, those by Gaiffe and other Paris 
makers usually having ebonite instead of glass pla(«s. 
These French machines are generally built without a glass 
case ; but in thia country, at any rate, an air-tight glass 
case is absolutely necessary, the air inside being kept 
dry by a dish of calcium chloride. The advantage of 
using ebonite instead of glass is that they may safely be 
run at a high rate of speed without risk of fracture of the 
plates ; while glass plates, especially of large diametej, may 
break at a high speed, owing to the great centrifugal force 
developed at the periphery of the plate. Ebonite, how- 
ever, is liable to buckle and to deteriorate in course of 
time, ita insulation suffering, and therefore the output 
of the machine diminishing. A good static machine, with 
eight glass plates of 36 inches diameter, will cost lO guineas 
{Fig. 9). In addition to this, the case will cost from 
£10 to £1.^ ; the set of electrodes, including jointed handle, 
head breeze, with connecting and earth chains, another 
£5 or £6. A strongly-made polished platform to carry 
the patient's chair, mounted on varnished glass legs at least 
12 inches long, is also necessary, and is often included 
in the price of the machine. 

The machine is best driven by a DC electric motor oi 
J-horse -power, costing from £8 to £10, but the pulley 
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may be geared to a pair of pedals worked bicycle faation. 
The total cost of such a machine, mounted on ball 
bearings, with the neccBsary apparatus, will thua work 
out at not leas than £75, aa a nde, while for 12-p 




machines the coet is proportionately larger, a j-horse- 
power motor being usually required to drive them. 

A well-made large static machine, such as that de- 
scribed, will also be available for S-ray work, a very 
steady light being produced on the screen, though the 
ontput is not so great aa that from a good coil, and longer 
time will be necessary for exposure for photographs. The 
static machine may also be used, with the addition of 
Leyden jars, spark gap, and copper solenoid, to produce 
high frequency currents. Such a transformer as D'Aiaon- 
val's coBta about £5 Ifia. (Fig. 10). 

The machine ia used by one pole, usually the positive. 
being connected to the patient, who ia seated upon an 
insulated platform, while the otbei pole is ooiv 
earth by a light chain attached to a watec o) 
The electrodes, also attached by a light chait 
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can then be handled by the opetator without risk of shocks. 
The platform Bhould be stoutly built, about 42 Inches by 

37 inches in bikc, supported by stout, well- varnished glass 
legs 12 inches high. The edge of the platform should 




Fig. Id — Il'-Ar-iiuvura lr:iTi.-fonniir, sliowiiiff ]>ydeii jarB, spark gap 
nud prim.iry sf '- - 

be surrounded by a, raised wooden beading to prevent a 
chair slipping off, while no metal points or sharp wooden 
edges must be permitted, all the surfaces being carefully 
smoothed and rounded, in order to minimise the Iobo of 
the electrical charge through leakage through the ait; 
On the floor of the platform is fixed a brass plate about 
12 inches square, for attachment of the chain to one pole 
of tiha machine. This chain is attached to one end of aD 
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ebonite bar, 12 inches long, ending in two brass knobs, 
placed between the polea of the machine, the knob at the 
other end being connected by a chain to earth. The bar 
ia reversible, so that either knob can be applied to either 
pole of the machine by simply turning the bar through one 
half-circle. By this device the poie of the machine to 
which the patient is attached can be reversed at will. 

The electrodes are devised for the application either of 
sparks or of the static electric breeze, and at least five will 
be found useful : a brass ball and a brass roller electrode for 
the application of sparks ; and a single- point and a multiple- 
point electrode for the application of the breeze. Another 
multiple-point electrode is in the form of a metal cap attached 
to a swinging bar from the top of the case of the machine, so 
that the cap can be brought into position over the patient's 
head. The first four electrodes are held in the operator's 
hand, a jointed handle being also attached to them so that 
both hands may be used for their support. 

It is important to be able to test the polarity of the 
machine, as either knob of the machine may become 
positive or negative, although, once the machine is in 
ftction, there is little chance of the polarity becoming re- 
id (see p. 357). 

In the old type of small static machines, Leyden jars 
to be attached to the tenninals of the machines in 
order to reinforce the strength of the sparks ; but these 
are never used with the modem high-power machines, 
except for the application of the static induced current, 
by Morton's method, or when, by the use of D'Arsonval's 
transformer, the static machine is to be used as a source 
of high frequency currents. 

5. High frequency currents.— These currents are 
produced by using the oscillatory discharge of a Leydeu 
jar. When the jar is discharged, what appears to the eye 
one single apark or explosion- but in reality there is 

'.uced an extremely r y discharge, the 
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periodicity of which may reach many millions in a second. 
Two large Leyden jars are used, or a battery of condenBera 
arranged as plateB, the inner coatings of which are charged 
from the terminals of a large induction coil, while the onter 
coatings are connected together by a helix or solenoid of 
about twenty turns of thick wire. This aoleuoid is beat 
made of copper tubing of some J inch in diameter, as, 
owing to the enormously high potential and the rapid 
oscillations of the currentB that are induced in the solenoid, 
these currents ate conveyed almost entirely along the sur- 
face of the conducting wire, and scarcely at all in the centre 
of the wire. This is known as the " skin effect." 

When the jara are being charged from the induction 
ooil, they discharge across the spark gap between the two 
terminal knobs in a stream of brilliant crackling sparks, 
while at the same time extj^mely rapid oscillatory cunents 
at a potential of 100,000 volts or more are set up in the 
copper solenoid connecting the outer coatinga of the jaffl. 
Although the outer coatings of the jara are thua short- 
circuited by means of the copper aolenoid, yet, owing 
to the copper wire, or tubing, being wound in the form of 
a helix, the current circulating in one coil induces a cnr- 
rent in the neighbouring coil, thus, through the electro- 
magnetic effect produced, enormously increasing the re- 
sistance of the solenoid to the passage of the cunmt. 
The aolenoid may, iodeed, be compared with the primaiy 
coil of a faradic battery, and a derived circuit, formed by 
attaching wires to the two ends of the solenoid, will afford 
oscillatory currents just as the derived circuit from the 
primary faradic coil affords the primary faradic current. 
These oscillatory currents are known as " high frequency " 
currents. Another aecondaiy coil may be wound around 
this primary solenoid, so producing induced oscillatory 
currents of even higher voltage. In Tcsla's tiansfonneZ 
the primary consists of four turns of wire wound on ft 
wooden frame of about 12 inches diameter, while tihS'l 
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secondary is placed inside the primary, and coiisiBtB of a 
long coil of insulated wire wound on an ebonite oyiinder. 
Such an instrument costa about £7, the D'Arsonval trans- 
formei with the Leyden jars and adjustable spark gap 
iting another £.5 Ida. 

Instead of a Tesla transformer, an instniment known 

a resonator may be employed to raise the potential of 

high frequency currents. That usually employed is 

[din's, consisting of a solenoid of medium-sized coppci 

wire wound round a vertical wooden cylinder of about 

8 inches diameter. This may be in series with tlie copper 

solenoid of the D'Arsonval transformer, or it may be con- 

jiected directly to the Leyden jars, a sliding contact vary- 

the number of turns of wire in the circuit until a lively 

>h discharge appears at the upper terminal of the 

a«8onator, while the cord leading to the treatment electrode 

is attached to a second sliding contact on the resonator, 

or to the upper terminal. A compact form of apparatus, 

including two large Leyden jars, adjustable spark gap, and 

idin resonator, mounted on a movable table, costs about 

.5 (Fig. 11). 

Other apparatus necessary are a couch for treatment 

the " condensation " method, and variously-shaped 

mum electrodes and single- and multiple -point metal 

itrodes. The couch is an ordinary bentwood couch with 

ihions 2 inches or 3 inches thick, on which the patient 

behind the cushions is a large flat metal plate, 

rhich is attached to one terminal of the solenoid, the other 

lal being connected to a bare metal electrode held in 

patient's hand, or applied by means of a vacuum 

tal point electrode. These high frequency trans* 

formera, as described, are best driven by a 10-inch or 

I2-iiLoh induction coil, which may be worked either from the 

continuous current main through a mercury jet interruptor, 

by a battery of accumulators and a 66slete coal-gas n 

break (p. 322). The coil and its condenser s 
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interrupter must be desigued according to the voltage of the 
couBtant current supply that is to work it. The same coil that 




the practitioner uses for X-ray work will also be available for 
producing high frequency currents by means of the 
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D'Arsonval traiiBfonner. In the treatment of patients by 
high frequency currents a galvanometer is advisable, which 
is built on the hot-wire principle, measuring up to 800 ma. 

Other apparatus which in sometimes used is a couch, 
for treatment by the method of auto-conduction, in which 
the patient is enclosed entirely within the primary solenoid. 
Currente are then induced in the patient's body as they are 
in the secondary of a Tesla transformer, and a Geissier 
tube held in the patient's hands will glow brightly, although 
he can feel no direct eflecta of the current. Such an instal- 
lation for the production of high frequency currents will 
coat from £70 to £80, including the cost of the 12-inch 
induction coil, which may also be used for X-ray work. 

As already stated, high frequency currents may be 
obtained by using a D'Arsonval transformer with a large 
static machine, which again will also be available for 
X-ray work, though it is to be remembered that the out- 
put of even a large static machine, either for X-ray work 
or for the production of high frequency currents, is much 
less than that of a properly constructed 12-inch induction 
coil. In electric lighting circuits where the alternating 
current from the main is available, this source may be 
used for the production of high frequency currents by 
means of a step-up transformer, by which the voltage is 
raised to about 6,000 and then, by means of a spark gap, 
Leyden jare, and solenoid, high voltage high frequency cur- 
rents may be obtained. Such an apparatus costs about 
£25, but the terminals of the step-up transformer are 
dangerous to life, A very powerful machine for utihsing 
1 alternating current is made by Messrs. Gaiffe, of 
pp. 327-28), but it is very costly. 




CHAPTER II 

THE FARADIC CURRENT 

The primary current. — The term "faradiBatioE" was 
invented by Duchenne foe his treatment by the induced 
current obtained from a small induction coil, after Its 
discoverer, Faraday. Such an induction coil conBists of 
a coil of insulated wire wound on a reel containing a soft 
iron core, with a spring interrupter inserted in the circnit 
between the cells of the battery and the coil, to break 
the battery current rapidly and regularly. The coil re- 
quires a current of about 300 ma, to work it satisfactorily, 
and is usually driven by two, or sometimes three, Leclanohe 
cells of large size, which may be either wet or dry oelte. 
The current from the cells, being rapidly interrupted by 
the mechanical spring contact, and circulating in the coil 
around the soft iron core, rapidly magnetises and de- 
magnetises the latter, thus setting up a rapidly varjring 
electro-magnetic effect in the field surrounding the iron 
core. Comparatively speaking, the magnetisation of the 
core is developed slowly, whilst its demagnetisation afc 
the break of the battery current is sudden, and therefore 
the current that is induced in the coil of wire around the 
magnetic core is produced practically only at the break, and 
JB therefore a unidirectional current which flows in the 
same direction along the wire as the battery current. 

Another reason for the negligible quantity of the in- 
duced current developed at "make" is that it is deve-' 
loped in the contrary direction to the battery current, and 
is thus resisted. The unidirectional induced cunent al 
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pteak is what is known aa the primary faradic current, 
and, reinforcing the battery current, produces the spark 
at the contact breaker. By means of a derived circuit 
formed by joining two wires to the two ends of the coil, 
the induced current can be made available for treatment. 
It is of a very much higher voltage than the battery 
current which ia responsible for ita production, and partly 
owing to this reason, and partly to the high self-induction 
of the neighbouring tuma of the coil, this current will 
flow through the derived circuit and through the high 
resistance of the patiejit's aldn and tissues, although the 
alternative closed circuit of the coil and cells is available 
for it. The battery current, at the low pressure of about 
3 volts, is altogether confined to the closed circuit of the 
primary coil and cells, none of it making its way through 
the far higher resistances o£ the derived circuit and the 
patient's skin. 

The secondary current.-- So far we have spoken only of 
the primary coil, and the primary faradic current, which is 
not the form of faradism that is most used in medical 
treatment. In most induction coils there is also a second 
coil, consisting of a much larger cumber of turns of finer 
wire, wound on a reel or bobbin, and placed over the 
primary coil. It may be either fixed in this position, or, as 
in the better class of coila, made to slide on and off the 
primary coil, the varying distances of the secondary coil 
from the primary being shown on a measured scale. These 
are known as sledge coils. The rapid rise and fall of the 
maguetic action exerted around it by the primary coil 
causes the appearance of induced currents, of high poten- 
tial, both at make and break in the secondary coil, that at 
break gi^nng very much the stronger shock. This cur- 
rent at break in the 'secondary coil is of higher voltage 
^an that at make, owing to the fall of magnetic action 
sudden than its rise. As previously said, this 
It rise of the magnetic action of the primary c-- " 
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due to the comparatively alow magnetisation of the i: 
core owing to the battery current at make being resisted 
by an induced current in the opposite direction in the 
primary coil. 

The " secondflTy " faiadic current, or the induced 
current at make and break in the gecondary coil, is thus 
really an alternating current, hut of unequal waves, and 
practically for puipoBes of muscular or cutaneous stimula- 
tion it ia the current at break which produces all the efiects. 
Strictly speaking, the amoimts of current at make and break 
in the secondary coil are equal, as judged by their chemical 
effects or their action upon a galvanometer ; but, owing 
to its lower voltage, the induced current at make has 
much less appreciable physiological effect. As we shall 
see lat«r, it is this lower voltage current at make which is 
the chief cause of the hardening of the X-ray tubes when 
driven from a large induction coil, it being then known 
as the " closing " current. 

When the iron core is withdrawn from the primary coil 
it will act as a solenoid only, and the strength of the 
primary induced current will he much diminished, while its 
electro -magnetic action on the surrounding helix of the 
secondary coil will fall to a correaponding degree, so that 
the induced secondary currents both at make and break 
will be much weaker than when the iron core is inserted 
in the primary coil. The iron core has little or no direct 
magnetic action upon the aecondaiy coil, as practically 
all the lines of magnetic force from it are cut by the wires 
of the primary coil. 

The two currents compared.— The induced cunent 
is more rapidly developed and is of sliorter duration when 
the iron core is withdrawn, and it has much less painful 
effect upon cutaneous nerves for that reason. The larger 
the number of tuma of wire in the aecondarj coil, the less 
quickly are the waves developed and the longer their dura- 
tion, so that a ooil with a large number of turns pioduoes 
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Eb greater effect upoa seiiaory nerves than one with a email 
number of tumB. Converaely, when painful stimulation 
effects are not desired, as in muscle -testing, it will be best 
to use a secondary coil with a comparatively few turnfl of 
wire, and to withdraw the iron core. 

A common proportion that is used in practice is 700 
turns of comparatively stout wire in the primary coil, and 
5,000 turns of a finer wire in the secondary. 

It is sometimes useful to have two secondary coils, which 
can be interchanged, or else a long coil of 10,000 turns 
which can bo tapped at different lengths. Thus, I use a coil 
of 10.000 turns, which ia tapped at 2,000, 4,000, 6,000, 
and 8,000 turns by a small radial switch and five metallic 
studs, so that any desired length of the coil can be used 

Strengrt'li of the secondary current. — The regida- 
tion of the strength of the secondary faradic current in the 
better class of medical coils is effected by sliding the second- 
ary coil off or on to the primary, the maximum current being 
obtained when the secondary is exactly over the primary. 
In the smaller and cheaper coils, the secondary coil is not 
provided with a sledge, but is fised in position over the 
primary, and the strength of the current is regulated by 
slipping a brass tube over the iron core within the primary. 
When this brass tube is in position, the iron core is pro- 
vented from exerting any magnetic influence upon the 
primary coil, and there will be only very weak primary or 
secondary faradic current obtainable, while with the brass 
tube withdrawn both these currents will be at their strong- 
est. Unfortunately, we have no ready means of accurately 
measuring the strength of the faradic current. Being an 
alternating current, it has no effect on the needle of an 
ordinary galvanometer, and its amperage is too small to 
affect an instrument working on the principle of a hot wire, 
like the milliamp^remeter in use with high frequency 
currents. There are one or two clumsy instruments avail- 
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able for measuring faradic currenta, but none convenient 
enough for general uae. Meanwhile, by experience of the 
particular battery in use, one gets to know roughly the 
proper position of the sledge coil or of the brass tube, 
according to the type of battery, that is required to pro- 
duce the neceasary physiological effect. 

Another convenient way of guesaiug approximately at 
the strength of the faradic current produced by the coil in 
any given position is to test its effect with properly wetted 
electrodes upon the akin of one's own hand, before apply- 
ing the current to the patient, and again to teat the degree 
of muscular contraction of the muscles of the thenar 
eminence by applying one electrode to the ball of the 
thumb, the other being held in the closed palm of the other 
hand. Indeed, it ia a good rule always thus to test the 
strength of the current before applying it to the patient, 
and if this rule ia insisted on, we shall avoid giving the 
patient an occasional dose of maximum current for which 
neither he nor we were prepared. The way in which this 
accident usually occurs is by the small switch which 
ia provided with the better medical coils for changing 
from the secondary to the primary current, getting out of 
place. This switch is moved from one knob, mar^d 
P, usually placed to the left, to another knob, marked S, 
close beside It on the right, and it is very easy for the switch 
to be moved over to P from S without the operator being 
aware of it, either by an accidental touch, or by someone 
else having touched the battery, perhaps for cleaning or 
dusting purposes. It should, therefore, be made a rule 
always to look at the position of this switch before com- 
mencing treatment with faradism, because if the switch 
is turned towards P, and the iron core is pushed home, 
the maximum strength of the primary current will be 
administered, whatever ia the position of the secondary 
coil. 

It should be remembered that in the regulation of the 
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igth of the primary faradic current the position of 
the secondary coil has no effect upon it, the primary cur- 
rent being varied in strength by pulling out the movable 
iron core. In those batteries where the iron core ia fixed 
and acta as the magnet for the hammer of the interruptor, 
the primary current is weakened by pushing in the brass 
tube which slips over the fixed iron core. 

Choice between primary and secondary currents. 

— Since Duchenne's time, fifty years ago, various indica- 
tions have been laid down to govern the choice between 
the use of the primary and the secondary faradic cnrrenta 
in treatment. It has been commonly said that the primary 
current should be used for the stimulation of deep-lying , 
organs, as the stomach, bladder, rectum, and intes- 
tines, while the secondary current has more effect upon 
the limb muscles and in stimulating the cutaneous sensory 
nerves. For use in an electric bath the primary current 
should be chosen. Personally, I invariably use the second- 
ary current for all purposes of cutaneous and muscle stimu- 
lation, whether of the skeletal m.uBcIeB or of the viscera. 
I have found, by experiment on cats, that the secondary 
faradic current acta excellently in stimulating the motor 
nerves to the bladder and rectum, the animals being under 
ansestheaia by chloroform, and also that the muscular walls 
of the stomach, bladder, and rectum contract well in 
tetanus when the electrodes are applied directly to them. 

The faradic - current as a means of diagfnosis. 

— The use of the faradic current in the diagnosis of neuro- 
muscular conditions is invaluable, When both nerve and 
muscle are healthy, with a rapidly vibrating interruptor 
and a sufficiently powerful current, if the electrodes, 
properly moistened, are applied to the skin over a motor 
nerve, such as the facial nerve behind the ear, ail the muscles 
supplied by the nerve are tlirown into active tetanic con- 
The contraction is developed sharply and 
inly, and ceases as suddenly on the stopp.-"" --f the 
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current. The reaction of the nerve to faradiam ie then 
said to be normal. If a muscle be wasted from long dia- 
use, OF from a diaeaae causing alow wasting, as in a lesion 
of a neighbouring joint, or in a case of myopathy or pro- 
greaaive mitscular atrophy, then the briskness of the faradlc 
reaction is diminished, and the contraction is leas in quan- 
tity, and is both developed more alowly and relaxes less 
quickly. When there is a leaion of a nerve, as in a facial 
neuritis or Bell's palsy, the nerve soon loses its excitability 
to faradism, and if the lesion be a severe one, the muflcles 
will no longer contract at all when faradiam is applied 
over the nerve, Thia is the reaction of degeneration in 
the nerve, ita excitability being lost at the same time 
both to faradism and to galvanism. The condition takes 
a few daya to develop, and is often preceded by a wave 
of hyperexeitability passing down the nerve from the aite 
of the leaion towards the periphery. Thus, one or two 
daya after the development of a facial palsy, it is aome- 
times possible to demonstrate this hyperexeitability of the 
nerve by applying the electrode in front of the ear over 
the parotid, when the reactions of the facial muscles to 
the faradic current will he brisker, and developed with 
a weaker current, on the side of the leaion than on the 
sound side. 

Although the secondary faradic current is an alternat- 
ing current, yet the waves are unequal, that developed at 
break being far the stronger, and it is therefore possible to 
speak of a kathode and anode for the faradic current as in the 
case of galvanism. As in the latter form of current, the con- 
traction is produced more strongly at the kathode. When 
there ia a aevere nerve-lesion, no reactions will be obtained 
to faradism if the electrodes are applied to the akin 
over the muaclea in the ordinary way after the lapse of a 
week to ten days from the time of the nerve injoiy. If, 
however, in these cases needles thrust into the muaclea be 
Bubstitut«d for the ordinary pad electrodes, some contiac- 
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non wiJI be seen around the negative pole, even in cases of 
advanced wasting with reaction ot degeneration of the 
muscles. 

In cases of spastic paralysis, such as the late rigidity 
of hemiplegia and epaetic paraplegia, the normal brisk- 
ness of reaction of the muscles is somewhat altered, the 
contraction being rather more slowly developed and not 
relaxing so suddenly. Sometimes in hemiplegia or in para- 
plegia, due to a transverse lesion of the cord, the muscles 
waste at first rather rapidly, and are flaccid ; and unless 
a faradic battery were at hand to take the electrical reac- 
tions it would be easy to mistake such a case for a lesion of 
the lower neuron, such as a poliomyelitis, or a neuritis. In 
either of the two latter conditions, after the lapse of a week 
from the commencement of the symptoms, the faradic re- 
actions of the muscles will be much diminished, or lost 
altogether. If the faradic reactions, on the other hand, 
are normal, it is certain that the lower neuron is intact, and 
that the lesion, if any, is affecting the pyramidal fibre in 
the cord or brain. In functional paralysis, also, the re- 
actions of the muscles to faradiam will be perfectly nor- 
mal. In the majority of cases of infantile paralysis, or 
acute anterior poliomyelitis, the paralysis at first is more 
widespread, and many more groups of muscles may be tem- 
porarily paralysed than ultimately results. Thus the whole 
of one lower extremity may at first be completely paralysed 
for two or three weeks, though permanent wasting may 
only occur in some of the groups of muscles below the 
knee, especially the tibialis anticus and extensors of the 
toes, with perhaps partial wasting of the quadriceps exten- 
sor femoris. The thrombotic and haimotrhagic lesion in 
the anterior boms of the spinal grey matter that has 
destroyed the trophic centres of these muscles, has at the 
same time temporarily paralysed through shock the neigh- 

Kng centres for the remaining muscle gronj 
• extremity, and occasionally such functions' 
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of tliese remaining muscles may persist even for months if 
untreated. 

It is in such cases that faradism is so useful in diag- 
nosis, for those muscles whose trophic centres are destroyed 
and are permanently paralysed will not react to faradism, 
while those mnacles whose voluntary power is merely 
temporarily inhibited through shock will react briskly 
to faradism. Thus the electrical reactions, taken from a 
week to ten days after the onset of the paralysis, will give an 
vmemng prognosis as to the true and permanent extent 
of the paralysis, though without this teat the only way of 
deciding on the extent of the permanent paralysis is to wait 
for the onset of atrophy in the stricken muscles. 

Tf, then, a muscle responds with a brisk contraction to 
the faradic current, it may be taken as certain that the 
lower motor neuron supplying that muscle, anterior horn 
cell, anterior root, and the mixed nerve to the muscle is 
intact. The converse proposition does not always hold good, 
for sluggishness of contraction to faradism may be present 
in cases of reflex wasting of the muaclea from joint disease, 
—arthritic atrophy as it is called — also in myopathy, in 
chronic cases of spastic paraplegia, and in hemiplegic 
rigidity; that is to say, in cases where the lower motor 
neuron is nninjured, or even at times when the limb and 
muscles are cold and stiff. Further, in total transverse 
lesions of the cord, the muscles of the lower extremity may 
waste rapidly, and lose all their electrical reactions both 
to faradism and to galvanism, although no lesion whatever 
of the lumbar grey matter or peripheral nerves may \ 
discoverable jmgt mortem. 

Motor points. ^In the testing of muscles electri 
ally, there are certain points on the skin, known as « 
points, which on stimulation give the maximal contmctji 
for the particular muscle. These roughly correspond 1 
the point of entry of the motor nerve into the muscle, i 
though they are subject to a certain latitude of vaiiati<4 
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in their position in different subjects, they are sufl&ciently 
constant to be charted, and Erb has published charts of 
the motor points, which are usually copied into books 
dealing with electrical treatment. There is, however, no 
necessity to remember these points, or to use such charts 
in electrical testing, for it is far better to find the motor 
point of the musele that is being examined for oneself, 
which is easily done by stroking the testing electrode over 
the muscle while faradism is being applied, the site whence 
the maximal contraction is obtained being the motor 
point. 

Of the limb muscles the two motor points that are most 
likely to give trouble in finding are those for the extensor 
hallucis longus, which is low down on the front of the leg 
not far above the ankle-joint, and that for the pronator 
radii teres, which is generally best obtained at a point just 
internal to the biceps tendon at its insertion into the radius . 
The corresponding muscles of the two sides will always 
react in almost an identical manner to the same strength 
of cunent, so that if only one limb is at fault the reactions 
of the muscles in the opposite limb should be taken as 
the required standard. 

One electrode, the indifferent electrode, is usuallv a flat 
leaden plate, covered with flannel or chamois leather or web- 
bing, and thoroughly moistened with warm water; it is best 
applied either to the back or front of the chest, or the patient 
may sit upon it. The active or treatment electrode should 
be a circular pad about 1 inch in diameter, set on a handle, 
the pad being similarly covered and moistened. Special 
testing electrodes are made with a key on the handle 
for making contact. If such is used, care should be taken 
that the key is so fitted as to " make " the contact, and not 
to break the current* Personally, I prefer not to use a 
special testing electrode, but an ordinary treatment elec- 
trode of the size mentioned, and to in*^"' ' *^He current 
by placinjg the finger on the vib of the 
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induction coil white with the other hand holding the elec- 
trode on the muscle to be tested. In this way single induc- 
tion shocks may, if thought necessary, be used. In many of 
the testing electrodes supplied, the insulation of the key 
is insufficient, and there is a leakage of current, while if the 
method I use be adopted there can be no question of the 
interruption of the current. The testing electrode should 
not be made too small ; 1 inch in diameter is quite small 
enough for all purposes except testing the tongue and 
palate. When testing the interoasei or some of the facial 
muscles, the edge of the electrode may be used, and in 
testing the intrinsic muacios of the hands or feet, the in- 
different electrode is better placed on the palm or sole, 8^ 
as to send the current through the part. "l 

It has been suggested to make testing electrodes with on© 
handle carrying the two electrodes, of very small size, 
placed quite close together ; it is, however, a bad plan to have 
the two electrodes close together on the skin over a muscle, 
as the current then does not penetrate properly, and it 
will be found that a much stronger and more painful cur- 
rent is necessary to produce the required contraction than 
when the indifferent electrode is placed at a distance. 




: faradic current may be used in the treatment of 
atonic muscular conditions, as in emaciation leBulting 
fiom long illnesaes, rickets, anfemia, etc. That daily 
applications of faiaJiam over a period of weeks may stimu- 
late metabolism beneficially has been proved by its effect 
on the growth of young animals, a litter of puppies being 
divided into equal numbers and kept under precisely the 
same conditions as regards surroimdings and diet, but 
one of the groups being exposed to treatment by the faradic 
current daily for twenty minutes. Those treated by this 
means after several weeks weighed considerably more 
than those untreated, although previous to the experiment 
the differences were inappreciable. 

The boat way of applying the current in cases of 
general malnutrition is by means of the electric bath, the 
patient being immersed in a warm bath and the two 
electrodes connected to the Eccondary coil, one large, flat ^ 
electrode being placed bebnd the pati^flt^baelt.^and the "-^ - 
other at the feet. Many cases of severe rickets have been V 
reported! as improving remarkably under this treatment, 
as have also cases of chlorosis and other forms of anemia, 
and cases of prolonged debility following long iUnesBCB. 
such as influenza, septicttmia, typhoid fever, fi"'"-'i«o. 
and other causes of chronic suppuration, etc. 

It may be said that general electrificati 
a manner, using faradism from the second 
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electric bath, may be a meat useful adjunct to the ordinal 
methods of treatment of such cases wien they are not 
getting on well. Tbns in cbloroais iron is Bometimea very 
badly tolerated, either cansicg severe headaches or in- 
digestion. Although, when this is the case, tolerance of 
the drug may sometimes be procured by being careful to 
administer it always soon after food, and in very dilute 
form— either aa a chalybeate water, or by adding half a 
tumblerful of water to each doae of the iron mixture — 
yet occasionally cases are met with when improvement 
is either very slow or the condition may even remain sta- 
tionary. The addition of arsenic to the medicine abould 
then always be tried, but sometimes the treatment by 
the faradic bath may start improvement when everything 
else has appeared to fail. The same may be seen in rickets, 
or in weakly, puny, antemic children, whose digestion is 
very irregular and who do not gain in weight and size as 
they should do normally for their age. After typhoid 
fever and influenza, prolonged debihty is quite common 
and is sometimes accompanied by considerable mental de- 
pression and loss of memory, lack of initiative, and general 
failure of the mental powers. Here also general electri- 
fication by faradism may be of the greatest benefit. 

NEURASTHENIA 
By this term, which we owe to an American physician, 
Di. Beard, who described the condition in 18T9, isi meant 
a condition of nervous weakness, nervous debility, or nerve 
exhaustion which occurs in subjects of both sexts, visually 
of adult age, moat frequently between the agfs of thirty 
and fifty. It has often been ascribed to the hurry and 
stress of modem life in cities, but that this is untrue needs 
only a little experience of such cases, a considerabie pro- 
portion occurring in men and women of leisured habits, 
upon whom the strain of competition for a living or for 
social success hears but slightly. On the other hand, it 
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~^B Bometimes said that neurasthenia resulte from such 
men and women having too httle to do, that it is due to 
their excessive leisure allowing them time for too much 
self-introBpection and consequent dissatisfaction with them- 
selves, thus engendering the morbid symptoms of what 
may be called the disease neurasthenia. Though I have 
no doubt that this is a predispcaing cause of a certain degree 
of importance in a certain number of cases, those who have 
the large experience of a hospital out-patient department 
will be struck at once by the large number of cases occur- 
ring both in men and in women who are fully occupied, but 
yet not manifestly overburdened, by the ordinary duties 
of life. This condition of nervous weakness is, then, due 
to aome congenital or hereditary inability of the higher 
intellectual centrts to face the everyday problems and 
emergencies of ordinary life — a breakdown of their powers, 
that in many cases ia temporary, though in many others 
the normal capacity is never recovered, aa though the 
machinery had become prematurely worn out. 

Traumatic neurasthenia. — A very important group 
of cases of neurasthenia is that known as " traumatic neur- 
asthenia," occurring tn persons who have received a definite 
injury, often not in itself severe, but yet which has exerted 
a profound effect upon the nervous system of the sufferer, 
who is usually, in this group of cases also, of " neurotic habit " 
and congenitally prone to nervous weakness. A certain 
proportion of these cases, which may follow accidents, such 
aa railway accidents, and are often classed as cases of trau- 
matic neurasthenia, are accompanied by definite symptoms 
of paralysis and aniesthesia, and other hysterical stigmata, 
which will be described separately under the heading of 
Hysteria (p. G2). 

A sub-group of cases of traumatic neurasthenia of 
especial interest is formed of cases following head inin 
usually slight concussions, frequent enough as 
of falls in the hunting field or of driving acct(' 
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the injury is Bufficiently severe to cause definite injury to 
the brain, coDBJating of meningeal ecchymoaea, and BUper- 
ficial htemorrhages and lacerations of the brain subatance 
itself. In more severe cassa, fractured base, depressed 
fracture of the skull, and larger meningeal litemorrhagea, 
cause more or leaa prolonged loss of conaciouaness, to be 
followed later, aft«r the graver ayraptoms have aubaided, 
by neurasthenic symptoms of the moat aggravated tyjw. 

In the large majority of the caaea following injury, if 
the appropriate treatment is carried out for a sufficiently 
long time, the prospects of ultimate complete recovery 
are good, as there is often no congenital weakness of the 
higher int«Ueotual centres, which we have seen to be bo 
important a part of the development of ordinary cases 
of neurasthenia. In these traumatic cases the injury 
to the brain resulting from the concussion produces the 
same condition of instability of these centres ; but, as 
the lesion may be recovered from, ao the prospect of recovery 
from the neurasthenia it produces is good. It ia, however, 
most essential that prolonged mental and physical lest 
should be enjoined upon patients snfiering from symptoma of 
traumatic ueuraathenia aa the reault of head injuries, a 
year's withdrawal from all mental fatigue arid excitement 
being often neceasaryas a preliminary to the resumption of 
the ordinary duties of life. 

Cases of traumatic neurasthenla.—Thrce instances 
of traumatic neurasthenia will suffice as examples, the 
aymptoma giving a typical clinical picture of the diaeaae. 
In the firat, E. W., (ct. 34, a market- gardener in a large 
way of business near London, was driving a light van one 
morning in London, when he was run into by an omni- 
bus, and waa thrown from his seat from a height of 8 feet 
into the roadway, striking his left hip and spraining his 
right knee severely and ricking his back. His head waa 
not injured, but he waa very atiS as a reault, and could 
not move for several days. Ever since the accident he 
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lSS felt depressed, with loss of memory, forgetting every- 
thing quickly, and he has the utmost difficulty In keep- 
ing his accounts. Complains of a Rensation as if a half- 
hundredweight was pressing on the right aide of the 
back of hia head. The headache spreads from the right 
side of the back of his head over the vertex, and becomes 
more severe about three times a week. Walking seems 
to aflect hia back, so that his legs drag. Has occasional 
dizziness, as though he were going to fall. Any noise 
worries him intensely, such as a train whistle, or the noise 
of the children in the house, and he has become very irrit- 
able. Since the accident he finds great difficulty in keep- 
ing awake, and has become a very heavy sleeper, especially 
tor the first few weeks after the accident. He has no energy 
now, and he seems to dread all the details of his business. 
Physical examination of the nervous system elicited 
nothing abnormal, save some tenderness over the third 
lumbar spine, eight months after the accident, though 
the neurasthenic symptoms persisted. This was the first 
day he had been in London since the accident, and lie 
had not seen an omnibus in the interval ; but the sight 
of them in the streets, he says, made him feel quite sick with 
fright. In this patient there were two causes which 
aided in prolonging the period of his mental and physical 
collapse. Firstly, his too early return to work, which 
was forced upon him, as he had no one to take his place 
in the business and look after his men ; and secondly, 
the mental strain and anxiety produced hy prolonged 
negotiations between his solicitor and the omnibus com- 
pany on the question of compensation. 

Legal negotiations on the question of compensation 
for alleged injuries following an accident are a frequent 
cause of the prolongation of the symptoms of a traumatic 
neurasthenia which it is often the aim and object of 

indant company to describe as malingering. Of 
however, the clinical entity of traumatic ne 
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thenia has become generally recognised, not only by tiie 
medical profeesion, but by judges who have had expen- 
ence in railway accident and other compecsatiou casea. 
The early disappearance of the symptomB in a proportion of 
the cases after the legal negotiations have been completed, 
whether satisfactorily in a financial sense to the plaintifi or 
the reverse, is no proof of the symptoms having been due 
to malingering; and it is an undoubted fact that a resi- 
duum of cases do not get well, but remain in a permanent 
condition of nervous instability and inability to work. 

A good example of the cases which get wel! after com- 
pensation I saw in a doctor, a big Irishman of 6 ft. 4 in., 
who was sitting in a train that was run into from behind 
by an express. The noise and confusion were terrific, 
and many persons were severely hurt, but he himself escaped 
without any bodily injury. He lost his nerve, however, 
completely, and a few days later gradually developed a 
typical hysterical left hemiplegia, with hemiantesthesia 
and loss of the special senses on the left side, and with con- 
tracted visual field on that side, amblyopia, and unilateral 
loss of colour- vision. The latter symptom he was not aware 
he possessed, for with both eyes open he could recognise 
colours perfectly. The presence of this symptom without 
his being awaro of the fact was alone auiTicient to disprove 
the theory of malingering, which indeed was not put 
forward. While the legal negotiations for compensation 
with the company were proceeding he was unable to 
attend to his practice, which was fast disappearing, and 
he was thinking of selling it. He was getting worse in- 
stead of better, and a certain degree of incontinence of 
both sphincters developed. Yet, within a week of his 
claim being settled by the railway company, he begaji to 
improve, and he rapidly got well and was able to resume 
hia practice. Many would, no doubt, be tempted to de- 
clare this to be a case of malingering, yet I am perfectly 
certain it was not so. 
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With thia may be contrasted a similiir case which 
occurred in the case of a navvy, at. 35, who gradually 
developed the same aymptoms of left hemiplegia, etc., a 
few daya after being struck on the head by a falling brick. 
The element of compensation waa absent here, yet, in 
apite of treatment at various hoapitals, the symptoms per- 
sisted unrelieved for four and a half years until I saw him 
in 1898. He attended for over nine months in the elec- 
trical department at St. Mary's, where 1 treated him 
with atrong faradlam administered with the wire bmah, 
with the reault of eventual complete recovery. No im- 
provement waa seen for the first two months, during which 
he had on two occasions severe hysterical fita, preventing 
his attendance for a few days. Hia very slow recovery, in 
apite of the most energetic treatrnent, is an esample of 
the more obstinate persistence of the symptoms in 
cases which have been already allowed to run on 
for a long time. He returned to work, earning full 
wages as a navvy for the next seven years, but has 
recently developed an hysterical paralysis with contracture 
of the right hand, following on an accident during his 
work in excavating a new road, when he was struck in the 
abdomen by the handle of a barrow, after which he vomited 
some blood. He was admitted to hospital on this account, 
and gradually developed the hysterical contracture of 
the right hand, still complaining for monthe of pain in 
the abdomen, though nothing wrong could be discovered 
on examination. On this occasion he brought a lawsuit 
flUccessftiUy against hia employer for compensation, 
eight months after the accident, though the paralysis 
waa much lesa severe than on the former occaaton, and 
commenced to improve as soon as treated with the wire 
bmsh. A feature of the case, excluding malingering on 
both occaaiona, was the bluenesa and coldneas of the hand 
aSccted with the hysterical contracture. 

Traumatic neurasthenia in children.— Traumatic' 
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neuraathenia may occur even in children after head in- ' 
juries. A recent case I have seen in a little girl of five, 
who was Btruek on the head by a piece of iron gutter falling 
from the roof of a house. She was rather badly con- 
oDBHed, and for several months afterwards aufleied from 
symptoms indicative of traumatic neurasthenia. She 
was restless at night, and was afflicted with night terrors, 
while in the daytime she was peevish and cross, could not 
remember anything she was told to do ; she preferred 
to be solitary, being unable to bear the noise of other 
children playing. Though here also an action was brought, 
which was settled for a substantial sum out of court, no 
one could suggest that a child of such immature age could 
be affected by the worry of legal negotiations, or that she 
was malingering. 

iQaomnia and other symptoms in neurasthenia. 
— Insomnia is sometimes a prominent symptom in neur- 
asthenia, though in others sleep may be deeper and 
heavier than usual, the patient awaking tired and unre- 
fceshod. I have had under my care a doctor in busy 
practice, with a good deal of nightwork, who was much 
annoyed by his neighbour's dog, which on several occasions 
barked continually during the night, keeping him awake. 
This started insomnia, so that the slightest noise kept him 
awake, and he gradually became a typical neurasthenic, 
being fearful of crossing the road, and in constant dread 
of going out of his mind. He had to give up his practice 
for a time, but eventually recovered completely. He 
exhibited a symptom which may almost be said to be 
characteristic of neurasthenia : an excessive flow oi talk 
about his numerous symptoms and ailments^a symptom 
which has been named " logorrha>a." 

Headache is a common symptom of the disease, and 
occurs in two types. In one the pain is situated at the 
back of the head, as a dull pain which may spread down 
the cervical spines, some of which may be acutely tender. 
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the other the eenaation is more one of compteaaion, 
aa of a heavy weight upon the top of the head ; or the 
sensation may be as if a nail were being driven into the 
top of the head {the so-called davus hystencus), or the 
top of the head may appear to be opening or shutting. A 
dread of crossing open spaces (agoraphobia], or of being 
shut up in a room or any place from which there is not a 
free exit, such as going to church, or a concert or theatre 
{dausirophofna], is 8ometim.es a diatroBsing symptom. I 
have seen the latter accompany the symptoms produced by 
excessive smoking — irregular, rapid heart, with the central 
scotoma and loss of central colour-vision that are typical 
of tobacco amblyopia. Another case — a lady, typically 
neurasthenic — could not bear to travel alone in a railway 
carriage for a long non-stop run, the fear of being shut in 
alone for bo long so upaetting her that on one occasion 
when she was left unexpectedly alone she stopped the train 
by palling the alarm signal. 

In other cases, over-indulgence in drugs — alcohol, 
morpliia, cocaine — may be the exciting cause of the appear- 
ance of neurasthenia. 

Treatment of neurasthenia. — Kemoval of the ex- 
citing cause is necessarily the first care in the treatment 
of the disease, while electrical treatment ia often a most 
useful adjunct to the more general methods of treatment. 
Prolonged rest is advisable in the majority of coses, some of 
which may best be treated by the Weir-Mitchell method of 
isolation from friends and letters, massage and overfeeding. 
General electrification by means of the faradic bath is 
usually the most efficacious means of applying electricity 
in these caaea, the patient being immersed up to the neck 
in a warm bath, with two large fiat electrodea applied, one 53 
to the back, the other at the feet, connected to the secondary 
coil of a faradic battery. Care should always be taken 
that the current ia turned on quite gradually, so as to a 
all possibility of giving the patient a shock, the e 
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of the current being gradiially increased from tlic minimum' 
until the patient begins toieeLit aa a tingling in the t 
It flhould not be continued for more than ten or fifteen- 
minutes as a rule, but the strength of the current may b 
slightly increased with advantage at subsequent treatmentit 
The effect is refreshing and sedative, induces sleep, 
promotes respiratory exchange and metabolism generally, 

Traiunatic hyaterical paralysis.— For those { 
of hysterical paralysis, with contracture i 
such as may follow injuries, as already described, 
faradic bath is not so suitable as the more stimulating 
treatment by means of the wire brush. This electrodat 
is made in the form of a paint-brush with stiff wire briatles^' 
and it should be dabbed on the sldn, not stroked alorig ti 
surface. The skin should first be wetted, as by this mea 
the resistance ofThe homy layer of the epidermis is mucli 
diminished, and the strength of the current corresponding^ 
increased. The secondary coil should be used — pieferabljf 
a coil with a large number of turns of thin wire, as it is oi 
object now to increase the cutaneous sensory effect I 
much as possible. The muscular contractions produced 
will, of course, be strong, yet the patient may feel nothins 
at first, though, if a sufficiently powerful battery be use ~ 
(and often the full strength of the current available is r 
quired), the antesthesia will gradually diminish in intenaitjt 
and extent. 

HYSTERIA 
Formerly believed to be a disease peculiar to woBU 
and to be associated with some disturbance of the uteri 
functions, this affection derives its name from the Gi 
vm-ipa = womb. It is now known to occur not 
frequently in men, and in children of both sexes, and 
name has therefore lost its special significance. Althoi 
the derivation of the word suggests a pathogeny of 
disease which modem knowledge has shown to be 
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unfounded, yet the term is clinically of use to denote a 
condition whicli is in no sense malingering, and which 
differs in many respects from neurasthenia. The term 
"functional" is often applied by some physicians to 
symptoms which do not appear to be dependent upon an 
organic basis, the word " hysteria " being avoided partly on 
account of its old associations of derivation, and partly 
from fear of making a definite decision in the diagnosis of 
the absence of organic disease. The term " functional " is 
thus often used very locsely, and is applied, on the one 
hand, to groups of symptoms which by others would be 
called hysterical, and, on the other hand, to diseases which 
have no known morbid anatomy, such as paralysis agitans 
and many epilepsies. The phenomena of hysteria may be 
very protean in their manifestations, and may mimic organic 
disease sometimes very closely — such as an hysterical joint, 
which may be mistaken for a tubercular joint; hysterical 
paraplegia, too, may closely resemble disseminated 
sclerosis. 

The various symptoms which may be met with in hysteria 
are best grouped, for the purposes of convenience, under 
five heads : 

i. Motor. 

2. Sensory. 

3. Special senses. 

4. Visceral. 

5. Psychical. 

1. Motor symptoms may be either paralytic or spas- 
modic, and it is not uncommon for both weakness and 
rigidity to occur together in the same affected limb. One 
limb only may be affected (hysterical monoplegia)^ or both 
arm and leg of the same side may be similarly stricken 
(hysterical hemiplegia), or both lower extremities may be 
powerless (hysterical paraplegia). When the arm is affected, 
either alone or together with the leg, there is, as a rule, 
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conBiderable rigidity of the forearm muHcles and hands, 
tlie fingers being flexed at the me tacarpo- phalangeal joints, 
while the interphalangeal joints are rigid in extension. 
The fingers, at the aame time, are strongly adducted to- 
gether, and the position of the hand strongly resembles 
that Been in tetany. Hysterical apasna. may be tonic or 
rhythmical ; the latter is sometimes called hysterical chorea; 
It may affect some of the neck muscles and siniulat« 
spasmodio torticollis. A not uncommon form of tonic 
hysterical spasm or contracture is a clenching of the hand, 
the fingers being tightly flexed into the palm, with the 
thumb outside. This condition may persist, if untreated, 
for years, and organic shortening of the muscles and tendons 
may ensue, so that it may be quite impossible to straighten 
out the hand, even under an antesthetic. Flaccid paralysis 
is sometimes met with, especially in hysterical paraplegia, 
though, on the other hand, the most extreme rigidity of 
the whole body may be present. This rigidity in cataleptic 
states may be so great that the whole body, from the neck 
downwards, with the lower extremities, may be rigid like 
a poker, and may be moved as one piece. 

As a rule in hysterical paraplegia, even if there be 
rigidity of the legs, the tonic spasm does not fix the thighs 
to the pelvis to the same degree as is seen in organic spastic 
paraplegia. In the latter condition, if one leg be taken hold 
of by the ankle and pulled aside the other leg follows it, as 
though drawn by a magnet, owing to the tonic spasm of 
the muscles fixing the thighs to the pelvis, so that the hip- 
joint is scarcely moved, hut the pelvis is flexed on the 
spine. This is a sign very characteristic of organic spastic 
paraplegia, and differentiates it from functional paralysis. 



The knee and ankle jerks are not, as a rule, increased 
in functional paralysis, though there may be a psendo- 
ankle clonus, which is sometimes very difficult to dist^- 
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ish from the true form. In hysterical paraplegia, the 
plantar ceflex is either flexor or absent altogether, while 
in true apaatic paraplegia there is an extensor plantar reflex 
generally obtainable. The abdominal, conjunctival, and 
other superficial reflexes will not be altered in hysterical 
anfBsthcsia, though in organic cerebral lesions these are 
generally diminished on the side opposite to the lesion 
in the brain. In hysterical paralysis, with or with- 
out rigidity, there is almost always observable a good 
deal of vasomotor derangement, the periphery of the limb 
being generally cold, clammy, and blue. 

A definite inconsistency in the strength of the aflected 
muscles is a most useful diagnostic sign of a functional 
paralysis. Thus, in a case of paraplegia the .patient may 
appear to be quite unable to extend the knee after it has 
been passively flexed, though, when the leg has been placed 
straight again and the patient is directed to keep the leg 
out stiff, this may be done with considerable force, the in- 
consistency in the available power of the extensors of the 
knee being a conclusive sign of a functional paralysis. 

Treatment. — In the absence of any ansesthosia of the 
paralysed limb in hysteria, faradism must be given with 
caution. The wire brush should put be used, but faradism 
should be applied by using a moistened roller, electrode, the 
l arge ind ifferent electrode being placed under the jniddJa- 
of the^back. T Re "strength of the current should be just 
sufficient to produce slight visible contract ions of the 
muscles, but should not cause real pain, though as strong 
B sensory stimulus as can conveniently be borne is advis- 
able. The hammer of the interruptoi should, therefore, be 
arranged to run at a fairly h igh snc cd. It is not advisable 
to treat hysterical symptoms by fastening the two elec- 
trodes on to the parts to be treated, and then to turn 
the current and leave it running for the fifteen or twi 
minutes allotted to the treatment. The action of 
fatadic current in hysteria is mainly through tie paj 
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aensoiy efieet it producee, and the personal efforts of the 
operator are therefore necessary, aided at the same time 
by continual encouragement to the patient aa to recovery. 
For this reason better effects are often to be obtained with a 
large battery, because of its greater impresaiveness, than 
with a small one. Similarly, in the treatment of hospital 
patients, I always prefer to treat cases in the electrical room 
with large and reliable machines rather than use a smaller 
apparatus in the ward, where the general surroundings of 
the patient are too sympathetic, and the operator is handi- 
capped by a subconscious antagonism which may be quite 
sufficient to determine a negative result instead of re- 
covery, 

2. Sensory symptoms.— Either anaesthesia or hyper- 
fflsthesia may be met with. Hypcra?sthesia, when present, 
is generally over certain points, such as the vertebral spines, 
or over the groins — the so-called ovarian tenderness — 
though this region may be hypersesthetic also in a man. 
Occasionally, though rarely, a limb may be diffusely 
hyperffisthetic, or the end of a stump may become acutely 
tender after an amputation. AnBeatheaia may be complete 
or partial, and may involve one half of the body (hemi- 
anceatheaia), ot only the paralysed limb may be antesthetio, 
Babinski has recently recorded hia opinion that the hemi- 
auiesthesia bo often demonatrated in hysteria ia always the 
result of unconaciouB auggestion to the patient by the 
phyaieian'a methods of testing. If, he says, special 
care be taken in the method of teating the antesthesia in a 
patient who has not previously been examined, hemi- 
anieatheaia ia never found. 

That this may be true of a certain number of cases, 
I am willing to grant, but I am convinced that the 
symptom ia aa genuine as any other hyaterical sign, and 
I have known patients who have themselves noticed, 
before ever being tested, that they had lost feeling on, 
one side of the body, usually the left side, and that thux 
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hearing and eyesight on that side were also diminished in 
acuity. 

A not uncommon form is " stocking-and-glove " anaes- 
thesia, the hand and leg being anaesthetic up to a circular 
line drawn round the wrist and knee respectively. Patchy 
areas of loss to touch or pain may also be found on the 
trunk irrespective of any motor paralysis. The hyper- 
sesthetic areas above alluded to may act as hysterogenetic 
zones ; that is to say, when pressed upon, the patient may 
be thrown into hysterical convulsions or exhibit other 
hysterical psychical phenomena. Headache, if present, 
is usually vertical, sometimes causing a sensation as of 
the head opening and shutting, or as if a nail were bping 
driven into it (davus hystericus), 

3. The special senses may be affected by hyperaesthesia 
or anaesthesia. The eyes may be excessively sensitive to 
light, or one eye may be temporarily amblyopic. Com- 
plete loss of perception of light in both eyes, or amaurosis, 
seldom occurs. When there is hemianaesthesia, the eye on 
that side may be amblyopic, with a greatly contracted 
field and loss of colour-sense, and smell, taste, and hear- 
ing on that side may be similarly defective. Rarely the 
visual fields of both eyes may be extremely contracted : 
the so-called jdn-point fields of hysteria. 

A sensation of a lump rising in the throat {gldhus 
hystericus) is due to irregular contractions of the oesophageal 
walls or pharyngeal muscles. Due to a similar cause are 
fhanUym tumour, and the so-called hysterical peritonitis, 
both caused by irregular contractions of the abdominal 
muscles and intestinal walls. 

Joint disease may be simulated, the best-known form 
being the hysterical hip, in which the general symptoms may 
simulate hip-joint disease. ' 

The speech may be affected, hysterical Oj fe 

at all infrequent. The voice is reduced to 
owing to inability to adduct the vocal 009 
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Seen with the laryngoscope, the corda appear widely ab- 
ducted, very alight movementa of adduction occurring 
on attempting to phonate. In spite of this apparent 
paralysis of adduction, perfect power of coughing is re- 
tained, the full explosive expiratory eSort necessary for 
this being proof that adduction of the corda has taken 
place in the natural manner. Thia inconsistency in the 
power of the adductors is the beat evidence of such an 
aphonia being functional. The tolerance of laiyngeal 
examination that is shown by these patients is often rft- 
markable, the pharynx and larynx often being partially 
ansBsthetic. 

Mutism., or hysterical aphasia, is occasionally met 
with. There is apparent complete inability to articu- 
late a single word, although the power of understanding 
everything that is said or written remains unimpaired. 
There is a considerable likelihood of these cases being diag- 
nosed wrongly as motor aphasia, and it is very important 
to distinguish them clearly from the latter, as the treat- 
ment of the two conditions differs widely. Hyatericai 
mutism is usually found in young women, and is often 
produced by some mental shock, emotion, or worry. 

Sp(tsfHodio cough, of a vibrant, harsh tone, unaccom- 
panied by any expectoration, is also not very uncommon. 
In young girls this hysterical cough has been named 
" cipuAex hebetia" or the barking cough of puberty, owing 
to a supposed resemblance in sound to the bark of a dog. 

4. Visceral symptoms. — Anorexia, or complete loss of 
appetite, may reduce the patient to skin and bone. VomU- 
ing, often supposed for months to be due to some organic 
cause such as gastric ulcer, may be accompanied by small 
quantities of blood, bright red, due to gum-sucking or 
some other semi -voluntary cause, which may easily be 
mistaken for hesmatemesis. As a rule, these patiente are 
not much emaciated, and if the vomiting and false haama- 
temesia have continued for many months, as in a can 1 
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have recently had under observation, the well-nourished 
condition and ruddy lips of the patient may at once give 
a clae to the hysterical nature of the case. Such vomiting 
may be accompanied by anuria, and the ejected material 
may even contain urea. It is difficult to understand how 
such anuria can continue for days, or even weeks, with 
a daily average of not more than two or three ounces of 
urine being passed, without serious constitutional symp- 
toms arising, yet several most carefully watched cases 
have been recorded. Ballooning of the intestines from 
arrest of peristalsis and accumulation of gas, with obstinate 
constipation, Inay occur. TJiis protuberance of the abdo- 
men was one of the most obvious symptoms in the epi- 
demics of hysterical dancing mania that occurred in the 
late middle ages. 

Df/spncea, with excessive frequency of respirations, 
amounting to as much as 90 to 100 in ■ the minute, may 
persist for several hours, or even for a few days. It 
is the only condition in which the rate of the respirations 
ever exceeds the pulse -rate, with the possible exception 
of asthma. Hiccough may occur as a functional symp- 
tom, though usually it is met with in profoundly debilitated 
states. There is a close nervous connection between the 
lower end of the intestine and the respiratory centre, and 
hiccough is not infrequent after operations on the rectum, 
especially for cancer. It may last for several d&ys, when 
it is likely to cause considerable exhaustion. It may 
occur in the course of other nervous diseases, and I have 
seen it severe in hemiplegia with weak heart and emotional 
attacks, in progressive muscular atrophy, in pseudo- 
hypertrophic muscular paralysis, etc. 

Palpitation and tachycardia are also occasionally 
hysterical in origin, and there may for a time be some 
difficulty in distinguishing the neurotic form of tachycardia 
from the larval form of Graves's disease, in which there is 
cardiac disturbance without the usual ocviAax ox >Ok^ov^ 
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Bymptoma. In the latter the increased rate of the heart 
is more or less constant, and persiato even during sleep, 
though to a less degree. In neurotic tachycardia the 
increased rate will be paroxysmal, and will cease entirely 
during sleep. Throbbing of the abdominal aorta is some- 
times excessive, and may occasion a good deal of discomfort 
and anxiety to the patient. There ought to be no diffi- 
culty in diagnosing the condition, yet 1 have several times 
known a wrong diagnosis o£ aneurysm to be made. 

Pyrexia is hard to understand as an hysterical symp- 
tom, and yet undoubted instances have been recorded, 
in some of which the extraordinary range of 110° and 117° 
have been unaccompanied by any grave constitutional 
symptoms, and have been recovered from. Such occur- 
rences of hyperpyrexia should always suggest fraud, and 
in the majority of instances this has been detected, such 
means as rubbing -the bulb of the thermometer on the 
sheet or blanket, or heating it before the fire or in a poultice, 
being most commonly employed. However, as already said, 
a few cases have been carefully tested and fraud excluded: 

5. Psychical symptoms met with in hysteria include 
conindsimw, which may usually be distinguished from 
epileptic fits by their longer duration, persistent struggling, 
talking, and attitudinising, without loss of the conjuno- 
tival or pupil reflexes. Double consoiousnesa — a curious 
mental stat« in which the patient suddenly passes from 
one personality to another totally diflerent, thua living 
two alternate diflerent existences, each, as a rule, totally 
unconscious of the other— may alternate with sleep-walking 
or even insanity. 

Treatment of hysteria. — The treatment of the 
sensory, visceral, and psychical symptoms of hysteria will 
vary with the age and sex of the patient, as well as with 
the form and character of the symptoms present. Hysterical 
convulsions may often be arrested by a strong painful 
stimulus, especially by steady pressure upon ^e supn- 
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orbital nerve at the point where it crossea the eyebrow. 
Should a cataleptic state supervene, strong faradiam, 
applied with a wire brush, will be the best treatment. To 
get the best results, the skin should be wetted, and the 
wire brush dabbed, not stroked, upon the akin. Hyaterical 
anmsthesia may often be cured in the same way by faradism, 
though there is always great liability to lelapse. Hyper- 
(BSlhesia must be more delicately handled, for if drastic 
measures be applied, as strong faradiam to the hyper- 
sensitive areas, the patient may even be thrown into 
hysteroid convulaions, or such a state of terror and re- 
sentment may be aroused that it will be difficult to exer- 
cise any further control over him or her. In such a 
case it is often wise to commence treatment by placing the 
hype rsesthe tic limb, if such is the aSected area, in the 
faradic bath. Such hyperaesthesia is not nnfrequentJy 
met with on the stump of an amputated limb, a condition 
which may easily be mistaken for painful neuroma. In 
distinguishing these two diseasea, it should be remem- 
bered that painful neuromata occur only after there has 
been suppuration, so that if the wound after the opera- 
tion healed by flret intention, then it is highly probable 
that the hyperteatheaia ia hyaterical. Again, in the latter 
case the exceaaive tenderness is mainly superficial, often 
the lightest touch appearing to cauae great distress ; while 
in true painful neuroma the pain is not brought out unless 
there is a certain amount of pressure on the part, and it 
is limited to the neighbourhood of the scar. After apply- 
ing weak faradiam by means of the faradic. bath, the sensi- 
tive area should be gently rubbed with a roller electrode 
and a gradually increasing strength of current turned on. 
At the same time, while applying the treatment it is im- 
portant to encourage the patient with the assurance that 
the trouble will soon be cured and disappear, because ol 
the enormous influence that reflex psychical impreasions 
have upon the nervous system in hysterical patients. 
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Some hysterical cases respond better to treatment 
by sparks from the static machine or by high frequency 
currents. It is difficult to say which form of current will 
serve the better in any case, but the choice should be 
between these three : faradism, with or without the wire 
brush ; sparks from the static machine ; or the high 
frequency treatment. Galvanism and sinusoidal currents 
are of less value. 

Pathology. — The pathology of hysteria must be under- 
stood if the best results are to be attained in its treatment. 
There is usually a strong hereditary taint of neurosis — 
epilepsy, insanity, or the like ; and there is frequently 
an element of fraud or malingering superadded to un- 
doubted hysterical symptoms. The condition may lie 
latent, and only be brought out by some severe illness, 
influenza, or bodily or mental shock. The symptoms are 
due to a temporary loss of control of certain of the higher 
centres over lower ones, or else to an automatic and ab- 
normal restraining influence of higher on lower centres, 
an auto -inhibition. The excessive emotional attacks 
and hysterical fits will be instances of the former condition, 
while hysterical paralyses and anaesthesias illustrate the 
latter. For some years I have taught, following Bemheim, 
of Nancy, that the psychical auto-inhibition which pro- 
duces hysterical paralysis and anaesthesia is precisely com- 
parable to the hypnotic state. 

These disorders of function are not accompanied by 
any gross or microscopical change in the nerve cells, nor is 
it probable that there is any nutritional change at first, 
though this may occur later if the morbid hysterical state 
remains uncured. At first, however, the hysterical para- 
lysis of motion, sensation, or special sense may be 
instantaneously cured by the effect of a reflex sensory 
stimulus. This may be conveyed by the suggestion 
of psychical impressions, as the religious enthusiasm 
evoked at Lourdes, or a sudden mental shock or fright, 
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such as of fire. The longer that hysterical paralysis, 
spasm, or anaesthesia remains uncured, the more diffi- 
cult is it to remove by treatment, and the longer it takes 
to do so. It is therefore important that the treatment 
should be energetic, though not necessarily very painful, 
and efforts should be made to impress the patient's atten- 
tion and respect for the apparatus employed, for the cure 
is produced by reflexly affecting the higher psychical 
centres by means of stimuli applied to the skin or the 
other special senses. In this way the excitability of these 
cortical centres is altered, and the inhibitory effect on lower 
centres taken off. 

As an illustration of what is meant by the sudden re^ 
moval of this process of auto-inhibition, the effect of 
suggestion in hysterical unilateral amblyopia and loss 
of polour-vision may be cited. The acuity of vision in one 
eye is then much reduced, and, though this is generally 
unknown to the patient, there is loss of colour-vision in 
this eye, though colours are' normally perceived by the 
other. On placing trial frames with two prisms^ one base 
upwards, the other base downwards, before the eyes, 
vertical diplopia is produced, and it will then be 
found that, if the patient is made to read the test types 
with both eyes open, the upper and' lower images will be 
equally well read, corresponding to the previously ascer- 
tained acuity of vision of the good eye. Coloured objects 
will also be seen equally well in the upper and lower images, 
though if the good eye be now covered it will be found that 
the colour instantaneously fades out of the remaining 
image, and the sight of that eye becomes ambtjropio, as 
before, as soon as the patient's attent^ i 
to it. Thus an inconsistency in the ^isiiN 
eye has been shown, proving the disabilitj 1 
functional nature. Malingering is excluded, fofc 
that the patient is nearly always unaware of 
loss in the amblyopic eye, and if asked whetii 
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are recognised as well as usual the reply is in the affirmtt' 
tive, as is indeed, the case with both eyes open, because 
the colours are then seen by the good eye as well. 

The vJBua! field is often much contracted in hysteria, 
and, if perimeter charts are taken, it will be found that 
the field becomes more and more contracted as the teat 
is carried on, a helical contraction. In a few cases the 
fields of both eyes are so contracted that they do not extend 
more than five degrees around the fixation point, the so- 
called pin-point fields of hysteria. A similar bilateral 
contraction of the fields may be met with in cases of double 
hemianopia, in which, after the lapse of some months, a 
small area of central vision returns around the fixation 
point. Great contraction of the fields may also be met 
with in retinitis pigmentosa and in choroiditis. Trae 
hemianopia does not occur in hysteria, but it may be simu- 
lated by an irregular contraction of the fields in which the 
contraction is much greater on one side than the otheT. 
In one such case I was able to produce eomplete blindness 
by suggesting to the patient that she should lose her sight 
on the other side as well. On the next morning she woke 
up quite blind and unable to see light, being much dis- 
tressed thereat, and crying and sobbing all day on account 
of her loss of sight, which she supposed was permanent. 
Vision was restored to her that evening by the prooess of 
suggestion, aided by passing weak galvanic shocks through 
her eyes, and telling her that the current was being gradu- 
ally increased, and that the flashes of light which she saw 
as the result of the retinal stimulation were becoming 
brighter and brighter, though as a matter of fact &£ 
current was not being altered; 

CONVULSIVE TIC 
Facial spasm may be due to a partial lesion of the face 
centre in the motor cortex, or of the pons near the facial 
nucleus, or a lesion of the nerve from pressure as in cere- 
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bellar tumour, or from a partiaUy recovered facial neuritis. 
In neither of these is faradism of any service, and the term 
" tic " does not properly apply to them. Convulsive tic 
of the face should be distinguished from " tic douloureux," 
which is its sensory equivalent. Convulsive tic is a func- 
tional spasm which may affect the face or other groups of 
muscles, and does not depend upon any organic lesion, 
but may be produced reflexly by cold, or by emotion, un- 
conscious mimicry, and the like. A slight form of the 
affection is familiar to most of us in the form of a twitter- 
ing of the muscles of the eyelids, known as " live blood " or 
" bird in the eye." This is especially apt to come on if the 
individual is run down in health, or worn out after pro- 
longed mental stress. It may continue for hours at a 
time, and even keep the patient awake most of the night. 
Treatment. — In such a severe attack the spasm may 
generally be arrested at once by the application of faradism. 
Two circular pad electrodes, about an inch in diameter, 
should be employed, one placed over each eye, and a weak 
current turned on, using rapid interruptions. The current 
should be sufficiently strong to be distinctly felt, but not 
to cause real pain. Five minutes' treatment usually 
suffices. Convulsive facial tic is not uncommonly seen in 
boys, and 1 have several times seen it cured by faradic 
treatment carried out as above. ^ Its effect is produced 
through its strong sensory stimulus acting reflexly as a 
sedative on the hyperexcitable motor centres. As Growers* 
says, " . . . Indeed, it is important to remember that 
strong sensory impulses from the seat of the spasm have 
more power than any other agency to raise local resistance 
and arrest over-action. This opposition of reflex influences 
is a familiar fact." Yet, on the same page, he depre- 
cates the use of electricity in the treatment, and says that 
only a weak voltaic current should be employed, with no 
interruptions of the current. This form of treatment 

^ "Manual of Diseases of Nervous System/' 2nd Edtn., II., 258. 
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would have the least sensory effect, and is really contrary 
to his advice quoted above. 

French authors use the term " tic " in a wider sense than 
is common amongst English Writers, classifying under this 
head many chronic forms of muscular spasm combined 
with ataxy of the limbs, as well as of the head, facial 
muscles, and articulation. Electrical treatment does not 
seem of any avail in these cases. In spasmodic torticollis 
faradism is sometimes of service. Galvanism is the form 
of electrical treatment usually ordered ; but, in my ex- 
perience, faradism has been of at least equal service, which 
is, however, not saying much. Sometimes faradism of 
the muscles on the opposite side to those affected by the 
spasm has been said to relieve, and, undoubtedly, 
systematic exercises may in certain cases be of the 
greatest service. In a severe case of spasmodic torti- 
collis, according to my experience, neurectomy is the only 
treatment likely to cure the condition. In addition to 
excision of a piece of the spinal accessory nerve on the 
side of the affected sterno-mastoid, it is generally advis- 
able to divide the posterior branches of the upper four 
cervical nerves on the opposite side (Keen's operation). 
Even then a certain amount of spasm may remain in the 
splenius or trachelo-mastoid or complexus of one side, 
which must then be treated by careful massage, and by 
the daily performance of head exercises. 

NEURALGIAS 

During the inflammatory stage of neuritis, faradism is of 
no use in the treatment ; on the contrary, its employment 
will aggravate the pain. After the inflammatory stage 
has subsided, however, pain in many cases persists, due 
to one of two causes. In some cases, for example SCiatic 
neuritis, the perineuritic inflammation of the sheath of 
the nerve may give rise to adhesions, which remain after 
the inflammation has subsided, and the dragging of these 
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adhesions upon the sheath of the nerve may keep up the 
pain almost indefinitely. This is the class of case that 
does well by stretching the nerve with Swedish massage 
and forcible movements. Care must be taken not to apply 
such drastic treatment during the stage of acute or sub- 
acute inflammation of the nerve, or the severity of the 
sjinptoms will probably be much increased. I have 
known many cases of sciatica made much worse by the 
too early application of massage. 

The other cause of persistence of the pain after sub- 
sidence of the primary perineuritic inflammation of the 
sheath is a neuralgia limited to the distribution of the 
aflected nerve. In these cases the pain is not due to 
adhesions, and there is no diffuse tenderness along the 
course of the nerve, nor does traction on the nerve by 
flexing the hip, keeping the knee extended, produce the 
pain so characteristic of the first two varieties of sciatica. 
In this form of sciatica either faradism or galvanism may be 
of the greatest benefit, and I have known a severe case which 
followed typhoid fever, and had defied treatment by rest in 
bed for two months, disappear completely after two weeks' 
treatment with both currents. The faradism is best applied 
by a roller electrode rubbed along the back of the thigh and 
buttock, with a large pad as the indifferent electrode bent 
round the calf. The strength of the current should be 
sufficient to produce weak contractions of the muscles, but 
not to induce pain. The treatment of subacute and chronic 
sciatic neuritis by means of galvanism will be described in 
Chapter V. 

Neuralgic pains may be met with in the limbs or trunk 
along the distribution of many other nerves, but it is 
especially in the head that neuralgia is apt to b<* "''' — 
and frequent. Occasionally it occurs at the ba 
head, along the course of the great occipital >{ 
it is most usually met with in the distributioi]:' 
geminal, or fifth cranial nerve. The slighter. 
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limited to a portion of the face or front of the head, as the 
forehead, eyebrow, side of the nose, or gums. 

The term ** neuralgia" as used here is meant to include 
only nerve pains which have no organic basis, while those 
which are dependent upon actual lesion of nerve fibres are 
to be described as symptoms of neuritis. When pains 
due to organic disease, however, become chronic, such as 
those of chronic rheumatism or tabes dorsalis, they are 
frequently spoken of as " neuralgic." 

Neuralgic pains in the trunk or limbs must be care- 
fully investigated before it is decided that they are a true 
neuralgia, and not due to a chronic rheumatic muscular 
fibrositis, rheumatoid arthritis, neuritis, or some disease 
of the spine such as caries or tumour, or of the spinal cord 
such as tabes dorsalis. Again, chronic pains suggestive of 
neuralgia, though really symptomatic of chronic Bright's 
disease or diabetes, may easily mislead the unwary — a 
mistake which a routine examination of the pulse and urine 
would prevent. Often the pulse will give a valuable clue 
to the elucidation of vague pains and other symptoms which 
may otherwise be attributed to neuralgia or to hysteria. 
Gently rolling the pulse under the finger will detect the 
hard artery with thick walls, which is an indication of 
arterio-sclerosis with its attendant train of evils, either 
present or threatening in the form of chronic Bright's 
disease, gout, asthma and chronic bronchitis, cardiac 
hypertrophy, angina pectoris, etc. In any of these com- 
plications of arterio-sclerosis, neuralgic pains in the limbs 
or head are a not unfrequent symptom. Needless to say, 
faradism is likely to prove a failure if used in the symptom- 
atic treatment of these diseases. 

An exception may, however, be made in the case of 
rheumatic myalgia such as lumbago, or the sharp mus- 
cular pains accompanied by stiffness around the shoulder, 
hip or neck. For this form of muscular rheumatism 
faradism, given with a roller electrode as strong as can 
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conveniently be borne, may have an immediate effect in 
diminishing or even abolishing the pain and stiffness. The 
best results will be obtained if combined faradism and gal- 
vanism are given at the same time with the roller electrode, 
the battery being so arranged that the roller is the anode, and 
a current of 7 to 8 ma. of constant current used in addi- 
tion to the faradism. 

Sometimes after an attack of pleurisy a severe per- 
sistent neuralgia may remaiiii m the side, possibly asso- 
ciated with the presence of pleuritic adhesions. I have 
seen the greatest relief given in several of such cases by 
the use of the roller electrode and faradism, and the rapid 
cure and disappearance of pain which had remained for 
months in despite of other forms of medical treatment. 

Severe neuralgic pains in the head or face are apt to be 
confounded with other causes of headache. Thus the 
severe headache of cerebral tumour, when paroxysmal, 
is liable to be mistaken for neuralgia in the early stages. 
An alveolar abscess, or suppuration in the antrum of High- 
more, or in the frontal sinuses, may also be overlooked 
and the pain ascribed to neuralgia. Dental neuralgia is 
a very common form of faceache. The pain is a true 
reflex neuralgic pain, though it is started by an irritation 
or actual inflammation of a peripheral twig of the same 
nerve. Faradism is not, however, a good mode of treat- 
ment of such cases, as there are better ways open to us of 
relieving the pain. In true dental neuralgia, in which 
there is not actual continuous irritation of a twig of the 
nerve by caries of a tooth going on,- a stiff dose of fifteen 
grains of quinine often relieves within an hour, and may per- 
manently cure the trouble. Electricity is sometimes of 
great use in the treatment of severe rheumatic neuralgia 
of the face, but in the form of galvanism, not faradism. 
Similarly the severe form of facial neuralgia known as 
trigeminal neuralgia or tic douloureux is not amenable to 
feiadism. 
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NEURITIS 

A frequent instance of a neuritis due to a locally acting 
cause is the common form of facial paralysis or Bell's palsy, 
due to exposure to chill. The facial being a motor nerve 
only, with the exception of the gustatory and secretory 
fibres that run in • the chorda tympani, the paralysis is 
not preceded or accompanied by pain or any sensory 
symptoms. Although at first the paralysis may be com- 
plete and the angle of the mouth drawn over to the opposite 
side, with inability to close the eye, yet both the nerve and 
muscle will respond to faradism, and the facial muscle^ 
will not lose their faradic excitability for a week to ten days. 
In the slighter cases, in which the nerve fibres are scarcely 
more than pressed on by inflammatory exudation, the nerve 
does not lose its faradic excitability altogether, but the 
muscular contractions will be somewhat diminished to 
faradism, with at the same time slight hyperexcitability 
to galvanism, equally to kathode and anode, the anodal 
closing contraction being the more sluggish of the two. 
This is known as a partial form of the reaction of degenera- 
tion. 

Faradism should never be used in the treatment of 
facial paralysis in any of its stages, and it is useful only in 
the diagnosis of the severity of the lesion, and therefore in 
the prognosis. After the paralysis of the face has lasted 
two or three days, an alteration of the electrical excitability 
of the facial nerve can usually be detected. At first there 
is often a short period during which the nerve is hyper- 
excitable both to faradism and to galvanism, so that when 
the testing electrode is placed upon the exit of the nerve 
close to the mastoid the muscular contractions of the 
paralysed side of the face will be made evident with a 
weaker current than is necessary to provoke similar con- 
tractions of the facial muscles on the sound side, when the 
testing electrode is placed in the corresponding position 
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beUnd the other mastoid. This wave of hyperexcitability 
is followed by diminished excitability of the nerve to both 
currents, and in severe cases by total loss of conduction 
power of the nerve to both currents. The condition is 
known as the reaction of degeneration of the nerve, and is 
to be distinguished from tha reaction of degeneration of 
the muscles which develops at the same time and is differ- 
ent in type. (See p. 129.) 

Although the amount of diminution of faradic excit- 
ability of the muscles may be taken as a measure of the 
severity of the lesion of the nerve about ten days after the 
onset of the paralysis, yet return of faradic excitability 
is by no means the first symptom of commencing recovery. 
In cases of facial paralysis the first sign of commencing re- 
covery is always the return of tonic contraction of the facial 
muscles, so that the face becomes straighter again and the 
deformity is less marked, although the paralysis for volun- 
tary movement is still as complete' as before. Usually 
return of voluntary power in the muscles commences some 
weeks before the return of faradic excitability. 

Blepharospasm is a reflex spasmodic contraction of 
the orbiculares palpebrarum of the two eyes, and is due 
generally to irritation of terminal branches of the fifth nerve, 
ending in the ocular conjunctiva or cornea, either from 
conjunctivitis, or as the result of a foreign body or corneal 
ulcer. It is usually associated with photophobia, but it 
is not only due to the irritant action of light falling upon 
the eye, as it may be continued when the patient is placed 
in a dark room, or it may be present in a blind eye. Reflex 
blepharospasm may also be produced by irritation ol 
other branches of the fifth nerve, as by carious teeth ; or 
the spasmodic closure of the lids may be associated with 
photophobia set up by irritation of the retina from the 
action of a very bright light. '* Snow-blindness," and the 
similar condition that may follow exposure to the action 
of a bright arc lamp or the X-rays, is generally due to an 

G 
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acute conjunctivitis. Exposure of the retina to the sun's 
rays directly, as by using an insufficiently-smoked glass 
to observe a solar eclipse, may, by damaging the retina, 
produce a permanent blindness, associated with photophobia, 
but no conjunctivitis. 

Blepharospasm may be partial and affect one eye 
only, in cases where there is a long-continued stubborn 
conjunctivitis of that eye. The condition then simulates 
ptosis, since the eyelid is partially dropped over the eye ; 
but this reflex contracture of the orbicularis may be dis- 
tinguished from ptosis by the fact that the eyebrow on 
tha^t side hangs lower instead of higher, as it would do in a 
case of weakness of the levator palpebrse. In true ptosis 
the eyebrow is permanently raised by the tonic contrac- 
tion of the frontalis on that side, causing wrinkling of the 
forehead in the unconscious effort to aid the weak levator 
palpebrsB in raising the upper lid ; whereas in the case of 
blepharospasm simulating ptosis, the eyebrow is pulled 
down by the contraction of the orbicularis, the forehead 
remaining smooth. This form of blepharospasm is some- 
times spoken of as " ptose volontaire." Other causes of 
this form of ptosis are : (1) diplopia from slight strabismus, 
and (2) paralytic dilatation of the pupil on the same side. 
True ptosis is always associated with wrinkling of the fore- 
head on that side, unless there is paralysis of the frontalis 
muscle also. In myasthenia gravis there is commonly bi- 
lateral ptosis with smooth forehead, due to the associated 
weakness of the frontales, and this appearance is so distinc- 
tive of this rare disease that the disease may often be recog- 
nised at a glance by its means. 

Hysterical blepharospasm may occur as part of a con- 
vulsive tic {see p. 74), or it may persist after the conjunc- 
tivitis or other reflex irritant cause which produced the 
blepharospasm has been entirely cured. In the treatment 
of blepharospasm it is clearly necessary to search carefully 
for any irritant reflex cause, such as a slight conjunctivitis, 



HEMIPLEGIA 83 

corneal ulcer, or foreign body. In the absence of what may 
be thought sufficient cause of this nature,' the diagnosis of 
functional blepharospasm may be made, and in this group 
of cases faradism to the eyelids may arrest the spasm 
comjJetely. An instillation of cocaine into the eye may 
also be successful, either alone or as supplementary to 
the.faradic treatment. Circular pad electrodes should be 
used, one being placed over each eye, if both are affected. 
The current applied should not be strong enough to cause 
pain, but just e nough to cause ^y^stujfiffltowBtio^ of the 
facial muscles. 

HEMIPLEGIA 

Hemiplegia may be benefited to a certain extent by fara- 
dic treatment when it is due to an organic lesion. This has 
a stimulating effect, and will aid in preventing the wasting 
of the muscles that commonly ensues ; and at the same 
time it improves the sensibility to tactile and other sensa- 
tions, and the stereognostic sense or power of localising 
and appreciating the various forms and weights of objects. 
Unless the ansesthesia is profound, as may occur in some 
lesions at the back of the internal capsule, or the dorsal 
tegmental portion of the cms or pons, the treatment is 
best applied by means of the roller electrode to each limb 
separately, the indifferent electrode being applied to the 
middle of the spine. In the majority of cases the anaesthesia 
is of the type known as " cerebral," in which the most para- 
lysed part is the most ansesthetic ; that is to say, the foot 
and hand are more paralysed and also more ansesthetic 
than the ankle and wrist, and these latter than the knee 
and elbow. In lesions of the posterior portion of the 
internal capsule, the so-called " sensory crossway " of 
Charcot, or, again, of the tegmental region of the eras od 
pons involving the fibres of the fillet, then the ansesthesi 
produced is different in type to that just described, invot 
ing one half of the body, face, neck, trunk, and limbs : 
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about equal degree. Occasionally, though rarely, the 
anaesthesia in these cases is so deep that hard pinches 
or deep pricks of the skin on the affected side may be prac- 
tically unfelt ; and I have known one such case, due to a 
thrombosis in the dorsal region of the pons, in which the 
motor disturbance was transient only and completely re- 
covered from, but the hemianaesthesia was so deep 
and permanent that when the man was lying in bed upon 
the affected side he was unable to feel the bed, and said 
that it felt to him as if he were suspended in the air with 
the bedclothes hung over him. Anaesthesia of so profound 
a degree as this may be improved by using the wire brush 
electrode, the skin being previously wetted, and the brush 
dabbed upon the skin, not stroked along it. 

Though faradism used in this way is occasionally very 
useful in the improvement of the anaesthesia and the motor 
weakness in cases of partial paralysis down one side, it is 
of no benefit in old standing cases in which the late rigidity 
that is associated with sclerosis of the motor fibres in the 
pyramidal tracts has set in. Much the same applies to other 
spastic conditions, as disseminated sclerosis, ataxic para- 
plegia, combined sclerosis, lateral sclerosis, and myelitis. 
When spasticity is well-marked, the limbs being rigid in 
adductor and extensor spasm, with knee and ankle clonus 
and extensor plantar reflex present, then faradism is con- 
tra-indicated in the treatment. 

DISSEMINATED SCLEROSIS 

In the early stages of the disease faradism may be of 
the greatest service in aiding the disappearance of the 
paralysis. In this curious disease the mode of onset is 
often practically sudden, or very acute, with considerable 
loss of power in one or both legs, as a rule. Sometimes the 
motor weakness is hemiplegic in distribution, or ocular 
paralyses, causing diplopia, may be the first symptom, or 
sudden partial blindness in one eye, or aphonia, or sphincter 
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trouble. Owing to this mnltiplioity of nuxW of oiw»*t of 
the disease, and the fact that it usually attacks young 
females under the age of thirty, a diagm^is of hysteria is 
not uncommonly made instead of organic dist'ast' of tho 
central nervous svstem. Some, indtHni a ooi\sidorable 
number, of cases of disseminateil 8i'len>sis n*semUlo hvstor- 
ical paralysis still more, owing to the variability in the 
progress of the symptoms, which oft<M\ impn^ve to a con- 
siderable extent — indeed, almost as far as actual nn'overv. 
If a diagnosis of hysteria has In^en pn^viously made, it will 
appear to be considerably strengthened by the n\oiv or less 
rapid recovery which then ensues. This typ* of dis- 
seminated sclerosis always relapses, however, sooner or 
later, and recovery is never quiti* perfect ; that is to say. 
the patient is always left a little weaker after each n»laj[)se, 
never quite reaching the previous state of health. Other 
cases of the disease develop slowly and steadily, and thcst^ 
are more likely to exhibit the classical syni])toins of in- 
coordination of the arms, with the characteristic^ intention 
tremors, scanning speech, and nystagmus. 

The cases that are difficult to rticognise us diHH(Mninat4'(l 
sclerosis are those of the so-called paraj)l(^gic' type-, in which 
there has been more or less rapid loss of power in the legs, 
with sphincter trouble, increased deep refh^xes, and ext4»!mor 
plantar reflex, but without the intern tion tn^noi-H, nystag- 
mus, and syllabic utterance. DisscnninatiKl Hclerosis is 
essentially a cerebro-spinal disease, and in this latter tyjxi 
the spinal symptoms are in evidence, hut thv. ccircihral and 
bulbar signs are in abeyance. ()iUu\ it is irnposHibh; to he 
certain of the diagnosis, but a chronic paraph^gia in a young 
woman, with little or no anajsthesia, hut with incn^ased 
deep reflexes, extensor plantar reflex, and 8phinct<er involve- 
ment, will always \ye very suggestive of disserninat<'d 
sclerosis, and the diagnosis will Ixicome almost certain if, 
in addition, there are any signs of cerebral or bulbar in- 
volvement such as incoordination of the arnis, tremor of 
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the head on aitting up, Btaccato speech, nyatagmnu, di- 
plopia, or optic atrophy. 

It is in the relapsing type of disseminated oi inaulai 
sclerosis that electrical treatment is often of considerable 
service. Many of these patients are of neurotic dispoaition, 
and a modified form of Weir-Mitchell treatment will often 
succeed beat. Massage, faradism, with good feeding, plenty 
of milk, and rest in bed for three or four weeka, wiU be 
the best lines to proceed upon ; and though it is undoubtedly 
true that in a number of cases little or no benefit may 
ensue, yet, at any rate, the treatment cannot do any harm, 
and may occasionally be followed by an immense amount 
of improvement. The faradism should be applied by the 
roller electrode, vnth the indifierent electrode applied as a 
large pad over the cervical spine. No strong measures 
should bo adopted in the shape of powerful currenta, as 
may occasionally be done with advantage in hysteria, the 
current employed being of only sufficient strength to cause 

k contractions of the muscles. Tliis should be given 
daily before the massage treatment, for twenty minutes. 



In tabes dorsiilts, again, faradic treatment will some- 
times assist in diminishing the anesthesia and sensation of 
numbness in the legs, and the ataxy may be aUo at the 
time correspondingly benefited. Very occasionally 
a considerable functional element may be superadded to 
the organic disease present, and I have seen a man sufier- 
ing from well-marked tubes, with partial optic atrophy, 
who walked with typical hysterical shuiHing of the 
feet, and whose skin was almost completely analgesic, 
and the visual fields extremely contracted. Energetic 
treatment with faradism in his case with the wire brush 
soon dissipated the greater part of the ancE«thesia and 
analgesia, whilst his gait and vision improved very much. 
Not much ia to be hoped for, however, from electrical 
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treatment in the large majority of cases of tabes, and the 
ataxy is much better treated ^ith re-education of the 
movements by means of regular exercises on specially de- 
vised instruments, such as Frenkel's steps. The lightning 
pains are not, in my experience, benefited at all by faradism, 
or, indeed, by any other form of electrical treatment. This 
is, perhaps, the most difficult of all the symptoms of tabes 
to relieve. I have once seen the pains practically cured 
by a course of heat baths, and in two or three instances I 
have seen the pains diminish very much, at the same 
time as marked improvement took place in the ataxy and 
other symptoms of the disease, while the patient was being 
energetically treated by mercury. In early cases, especi- 
ally if the symptoms have developed at all acutely, I 
generally treat with inunction of the oleate of mercury, 
10 per cent., made up with lanolin, and at the same time 
give the biniodide of mercury by the mouth. If atten- 
tion is paid to the gums and teeth, it is remarkable how 
long the majority of the patients can continue this treat- 
ment without showing any signs of mercurialism. 

GRAVES'S DISEASE 

This disease, also known as Basedow's disease in 
Grermany, and as exophthalmic goitre, has nearly always 
a moderate enlargement of the thyroid gland as one of the 
prominent symptoms. This goitre differs from the ordinary 
form of bronchocele in that the gland is in an active rather 
than passive state, and its cell protoplasm stains brightly, 
with numerous granules, indicating a state of active 
functioning of the glandular elements. The thyroid, 
moreover, is flushed with blood, with all its arteries dilated^ 
so that on auscultation over the swelling a systolic bruit 
can be nearly always heard. Although Graves's disease is 
largely a neurosis, yet many of its symptoms suggest an 
absorption of an excessive amount of thyroid secretion, 
and for this reason many forms of treatment, besides ex- 
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eiaion of a portion of the gJand, have been direutod to- 
wards diminishing the activity of the gland. One of 
these means ia the application of faradism to the goitre. 
It is best done by using a small fiat electrode fastened 
in position on the bacTTofffie neck, a^3"a clroular pad 
electrode to be moved slowly over the surface of the 
swelling. This should be applied for twenty minutes daily, 
and the patient can usually be taught to do it Tdf 'Herself. 
It is a good plan in all cases of exophthalmic goitre in 
which the aymptoms are at all marked to insist on an 
h Q.ur'a res t in a recumbent posture before lunch, and the 
faradic treatment can be advantageoialy applied at tJiat 
time. It should bo persisted in for several weeks, and it 
is son ae tim es followed hj considerable i mprovg ment. The 
efiect of the faradic current upon the gland appears to be 
to cause vascular constriction, and therefore shrinking of 
the goitre, and at the same time the tachycardia and ner- 
vousness may improve and the patient feel gejierally 
better. It is necessary to remember the importance of 
rest in the treatment of this somewhat stubborn disease, as 
unless the patient's daily life be so arranged aa to avoid 
all physical hurry and mental worry, no medicinal or other 
means of treatment will be of the slightest benefit. Strict 
rules must be laid down for the patient's guidance, especi- 
ally as to the amount of exercise allowed, which should be 
little, and taken at a slow pace. {See also Chapter VII., 
p. 230.) 

LBUKJEMIA 
Leucocythaemia may be similarly treated by tiie applica- 
tion of faradism over the enlarged spleen daily for a. period 
of several weeks. A fiat electrode should be applied by 
close pressure over the posterior pole of the spleen, and 
a smaller flat electrode pressed over the anterior portion. 
Using a weak current that will just cause slight contractions 
of the musclea of the theoai eminence, and letting it ma 
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thus for about twenty minutes daily, may be followed by 
immense improvement. In a recent case in which I used 
this method the number of white cells per cubic millimetre 
of blood fell in four weeks from over 200,000 to less than 
10,000, or the normal amount. It is true that the patient 
was at the same time taking moderately large doses of 
liquor arsenicalis, but since this drug treatment had been 
previously administered for several weeks without much im- 
provement it certainly seems fair to ascribe some at least 
of the subsequent rapid disappearance of the leucocytosis 
to the additional electrical treatment. (See pp. 234 
and 346.) 

HEADACHE 

When it is of the neuralgic type, and due to excitement 
or other form of nervous overstrain, headache may occa- 
sionally be relieved like magic by the use of faradism. It 
is especially when the pain is frontal that this form of 
treatment is capable of giving relief, though if the headache 
is of the throbbing variety and made much worse by slight 
stooping, faradism is contra-indicated. When the pain 
is dull and aching across the forehead, such as may result 
from straining the eyes and the attention at a picture gal- 
lery, the treatment is best applied by two soft circular 
pad electrodes placed one on each temple, though in some 
cases it answers better to place one electrode at the root 
of the nose and the other at the back of the head below the 
occipital protuberance. The patient should always be 
either lying on a couch or sitting back in a comfortable 
chair when the treatment is being applied, with the head 
slightly thrown back. Five minutes only of the treat- 
ment should be given at a time, but it may be repeated 
after an interval of ten minutes, if necessary. 

Another form of functional headache which may be 
relieved by faradism is the neurasthenic type. In this 
variety, the pain is frequently a dull weight on the top of 
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the head, or the top of the head may seem to be lifting off 
as though the head were bursting. Or the pain may re- 
semble the sensation of a nail being hammered into the 
top of the head (the so-called " clavus hystericus "). A 
typical instance of this form of headache occurred in a 
baker, cBt, forty-two, who was sent up from the country 
on account of the constant pain, and sensations of nervous- 
ness and inability to work. He slept heavily, as is com- 
mon in these cases, yet felt no better and unrefreshed in 
the morning. He complained of a constant sensation at 
the top of the head as though it " were all alive," and as 
though his head were going to burst. As he had been in 
this condition for twelve months he was becoming alarmed 
about himself. Cross-questioning elicited the fact that 
about a month before his symptoms commenced he lost a 
favourite daughter from diphtheria, and the mere refer- 
ence to the subject was sufficient to make him partially 
lose control over his emotions. He was evidently run down 
and in a nervous state, the tongue slightly furred, and 
bowels constipated. Faradism was applied by means of 
two circular pad electrodes, one to the back of the neck 
and the other over the vertex , a ge ntle cu rrent being 
gradually turned on and increased to the point when it 
began to be strongly felt, but not painful. Stroking the 
electrode over the vertex, the suggestion was then put 
strongly before the man that he was now going to get better, 
^^\ ^ and that he would soon be cured ; that he would wake up 
^■\J ' ' refreshed, bright, and happy in the morning ; that his 

nervousness and headache would disappear ; and that he 
would soon be able to return to work. These suggestions 
were constantly repeated to the patient while the faradism 
was being applied, care being taken that the man's atten- 
tion was not distract-ed by anything else, and he was told 
to give his whole attention to all that was being said to 
him and done for him. 

Faradism was thus used merely as a means to the 



DILATED STOMACH 91 

treatment by suggestion, and though no hjrpnotic state 
was produced, yet the constant reiteration of the suggestion 
tliat he was now going to get better so influenced his sub- 
liminal consciousness that the morbid sensations from 
which he had sufEered for so many months soon disappeared 
and he recovered perfectly and returned to his work. This 
element of treatment by suggestion is a most important 
one in the treatment of all functional or neurasthenic 
symptoms, and the faradic battery, with its strange noise, 
and unknown powers, may thus be used as an important 
adjuvant in producing the receptive state of mind in the 
patient necessary for the implantation of suggestions as to 
his speedy recovery. 

DILATED STOMACH 

In the atonic form of gastrectasis faradic treatment 
may be of very considerable service, but before deciding 
upon the use of faradism in a case of dilated stomach it is 
important to exclude the existence of any obstruction at 
the pylorus or in the first part of the duodenum as the cause 
of the dilatation. Obstructive dilatation of the stomach 
is most commonly due to one of two causes : (1) cicatricial 
contraction of the pyloric end of the stomach from peptic 
ulceration, and (2) carcinoma of the pylorus. Less com- 
mon causes of obstruction will be stricture of the pylorus 
or first part of the duodenum from adhesions around the 
liver or gall bladder or from other causes of local peritonitis, 
and kinking of the pylorus from a shortened lesser omen- 
tum holding it up against the liver. Usually it will not 
be difficult to distinguish between obstructive and atonic 
dilatation of the organ by the presence of visible peristalsis 
in the former, appearing as a slow wave of contraction 
passing from left to right. If this symptom can be made 
out definitely, it is decisive evidence in favour of the 
diagnosis of obstruction. The presence in the region of the 
pylorus of a tumour which can be felt by palpation must 
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not by any means be taken as positive evidence of malig- 
nant disease. In young infants pyloric obstruction may be 
due to a congenital thickening and hypertrophy of the walls 
of the pylorus, which may bie felt as a tumour between the 
navel and epigastrium, and in adults who have suffered from 
peptic ulceration of the pyloric end of the stomach or first 
part of the duodenum, a tumour, due to inflammatory 
thickening of the walls of the pylorus and local peritoneal 
adhesions, may precisely simulate a malignant growth in the 
pylorus, not only when palpated through the abdominal 
wall, but even when exposed to view at a laparotomy. 

Another useful means of diagnosis in cases of dilatation 
of the stomach is by chemical examination of the gastric 
contents. In cases of gastric carcinoma there is almost 
always complete absence of free hydrochloric acid in the 
vomit or in the products of gastric digestion withdrawn 
by the stomach tube after the administration of a test meal. 
In cases of peptic ulcer, on the other hand, there is, in the 
large majority of cases, excessive secretion of hydrochloric 
acid, or hyperchlorhydria, which can easily be recognised 
by testing the stomach contents by Gunsberg's reagent, or 
by the dimethylamidoazo-benzene test. There will also, 
very often, be a history of prolonged .dyspepsia, prob- 
ably for some years ; while in the case of malignant disease 
we have usually to deal with a primary dyspepsia of not 
more than a few months' duration occurring in a patient 
at or past middle life, who has not previously suffered from 
indigestion. Undoubtedly, however, a certain number of 
gastric cancers start in the scar of an old ulcer. 

Gastrectasis due to atony of the muscular walls of the 
stomach occurs as the result of chronic gastritis, long-con- 
tinued faulty feeding, or as the secondary result of chronic 
debilitating disease, as anaemia, Bright's disease, or tuber- 
culosis. In this atonic form of dilatation of the stomach 
the gastric contents usually contain either no free hydro- 
chloric acid, or else a much smaller percentage than the 
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normal "22 per cent. It is, therefore, obvious that absence 
of free hydrochloric acid will not decide between atonic 
dilatation and carcinoma, but the diagnosis must be made 
after taking many other points into consideration, and 
especially the presence or absence of gastric peristalsis. 
Even this latter symptom may lie latent for a time in cases 
of marked pyloric obstruction, and I have known a case 
of pyloric carcinoma causing dilatation of the stomach to 
be under observation in hospital for a week before peri- 
stalsis was observed, although it was constantly looked 
for. 

As I have said, it is in the atonic form of gastrectasis 
that faradism may be of great help in the treatment. It 
must, however, be applied by means of an intragastric 
electrode to the interior of the stomach in order to make 
sure of the faradic current stimulating the muscular coats. 
If it is attempted to treat the muscular walls of the stomach 
by means of two electrodes on the surface of the skin, even 
if one is applied in front over the stomach and the other 
to the back of the chest, no good effects will be produced, 
as the current becomes diffused in the abdominal walls 
and other tissues, causing strong contractions in the ab- 
dominal muscles, perhaps, but none in the muscular walls 
of the stomach itself. One of the electrodes must be passed 
down the oesophagus into the stomach, while the other is 
applied to the skin of the abdomen over the front of the 
stomach. 

The intragastric electrode is made of a stiff wire core 
about 18 inches long, ending in a small grape -shaped knob. 
From the knob to its upper end the wire core is covered 
with some smooth insulating material, such as a rubber 
tube drawn tightly over it. To the other end of the wire 
core is fixed a binding screw, to which the wire from the 
battery is attached. If this special form of intragastric 
electrode is not obtainable, a very serviceable one can be 
improvised with the assistance of an ordinary rubb*- 
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stomach tube, such aa is used lor washing out the stomach, 
and a 2-ft. length of insulated copper wire. 

After lubricating the stomach tube with butter or 
with glycerine, the patient is placed in a comfortable 
position on a couch and given a diiuk of half a pint of 
water or other liquid, and then the tube is passed into the 
stomach. Next the insulated copper wire is lubricated 
and pushed down inside the stomach tube till a length of 
about 16 inches beyond the teeth has been passed. The 
lower inch of the insulating covering of the copper wire 
should have been previously removed, bo as to expose the 
metallic core, which should be bent round to form an oval 
loop, but not too broad t« pass easily into the rubber 
atoKkach tube. The other end of the copper wiie project- 
ing from the end of the stomach tube beyond the teeth 
can then be attached by a movable binding screw to one 
of the wires from the battery, wiiile the other wire from the 
battery is attached to a moist pad elcctiflde applied t« the 
skin over the front of the stomach. The current em- 
ployed should Iw just sufficiently strong to provoke visible 
contractions of the abdominal muscles, and it should be 
allowed to run for about ten minutes. This treatment 
should be repeated every other day for three weeks or a 
month. A current which is just strong enougli to provoke 
contractions of the abdominal muscles will be scarcely 
felt in the stomach, especially after it has been running 
for a few minuf*s. The current passes between the two 
electrodes from the bare copper terminal at the bottom 
of the stomach tube into the liquid contents of the 
stomach, and so to the stomach walls on its way to the 
surface electrode, thus directly stimulating the muscular 
walla of the stomach. It is in order to ensure the copper 
terminal in the stomach tulie being in contact with bquid 
in the stomach that the patient is made to drink just 
before the passage of the tube. I prefer this method of 
applying intragastric faradism because it is possible to 
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wash out the stomach first before passing the copper wire 
down to the stomach inside the rubber tube ; and I think 
it is usually advisable thus to wash out the stomach pre- 
viously. 

In practice I generally use combined faradism and gal- 
vanism (see pp. 100 and 127), and it is then easy to 
teU if the intragastric electrode is properly in position by 
turning on a few cells of the galvanism and noticing if 
the galvanometer indicates any current. If the needle 
does not move, then (supposing all the other attachments 
are in good working order) it must mean that the stomach 
electrode does not make contact with the stomach con-^ 
tents, and the copper wire must be pushed in slightly and, 
if necessary, a little water must be slowly poured through 
a funnel into the rubber stomach tube. 

The effect of the treatment is to cause immediately 
afterwards a sensation of warmth and well-being in the 
epigastrium, and in many cases gastric digestion is im- 
proved, as evidenced by the return of hydrochloric acid 
in the gastric juice when previously it has been absent. 
At the same time, other evidences of dilated stomach — the 
splashing sounds of succussion and vomiting — will also 
diminish ; while the skin will become clearer , the patient 
will complain less of efuctation, liausea, and msomnia, and 
will put on weight. 

VISCEROPTOSIS 

Sometimes the stomach becomes dilated through atony 
of its muscular walls, and at the same time displaced down- 
wards to the level of the navel or lower. This condition 
is called gastroptosis, and is often a part only of a more 
general dropping of the viscera and intestines through 
atony and lengthening of their suspensory ligaments. The 
more comprehensive name for this condition is " enterop- 
tosis," or " visceroptosis," in which not only the stomach, 
but the liver, intestines, spleen, and kidneys a.U. %\va.^^ vsv 
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the general displacement downwards. It is uauaily met 
with in womeD after thirty or forty, whose abdominal walls 
are slack and whoae musoular tissue generally ia deficient ; 
whose lives are almost entirely sedentary ; and who have 
always sufiered from chronic constipation. 

In the treatment of this condition the aim must be to 
increase the tone and vigour, not only of the muscular 
walls of the stomach itself, but also of the intestines and 
of the abdominal wails, at the same time bracing the 
system generally by douche baths, massage, and strych- 
nine. Paradism may be of the greatest service, and it 
ia best applied by using one intragastric electrode accord- / 
ing to the method already described ; while the other wire ■'■ -^ 
from the battery is attached to a ro ller elect rode, which / -^ 
is best applied over the c ourse of the colon, starting in the I 
right groin over the ascending colon, passed upwards to- J 
wards the liver, then across the abdomen and downwards 
over the descending colon. This treatment should be given 
for about t«n minutes, and is then beat followed by another 
te.n minutes' treatment of the intestines. The stomach 
tube and intragastric electrode are withdrawn, and after 
two or three minutes for the patient to recover from the 
unpleasant nausea thus produced, the "JHi if '>**'"'^^ 
to a re ctal ele ctrode and the treatment then given as for 
constipation in the following section. 

Another useful way of treating this condition of gastrop- 
toaia with constipation and atony of the abdominal muscles 
is by means of the three-phase sinusoidal current, one wire 
being attached to the intragastric electrode, another to a. 
reotal electrode, and a third to a flat, moist pad or roller 
electrode on the skin of the abdomen. (See Chap. XI., 
p. 299.) 

CONSTIPATION 
One of the moat successful applications of the &,radic 
current is in the treatment of chronic constipation, a form 
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of treatment which has not received from the medical 
profession the attention that it deserves. Obstinate con- 
stipation is so frequently met with in young women, due to 
deficient muscular power of the intestinal walls, originated 
often through anaemia, a sedentary mode of life, or 
neglect to establish regular habits in childhood. Occasion- 
ally, though far less frequently, a similar irregular and 
constipated habit of bo"/el is met with in men, who have 
sufiered neither from anaemia nor other debilitating ill- 
ness, and who lead active lives. Many persons suffer from 
this sjnnptom only on certain diet, especially milk foods, 
or if they go to reside in a district where the water owes 
its hardness to an excessive amount of dissolved chalk. 
Other cases, again, have developed constipation only after 
some illness, such as gastric ulcer, gall-stones, pericolitis, 
uterine or ovarian disease, in which the occurrence of a 
localised peritonitis has been followed by adhesions that have 
permanently crippled the peristaltic action of the bowel. 

Although faradism to the bowel may be of a certain 
amount of benefit even in this latter group of cases, it is 
especially in the class of case first mentioned that 
chronic constipation is most surely relieved, and a 
regular habit of bowel reinstated, by this form of electrical 
treatment. Many such cases, if not all, have already 
tried numerous forms of drug treatment, such as daily 
pills of aloes, belladonna, and strychnine, or saline water, 
Epsom salts, senna, and the like, and though relief for 
the moment is gained by their use, no permanent cure of 
the constipation is likely to result. I have seen many such 
cases cured by the use of the faradic current applied by 
means of a rectal electrode, and I am convinced of its efficacy. 
The large bowel gradually becomes so dilated and its mus- 
cular coats so attenuated in long-standing cases of chronic 
constipation that little or no power of unaided recuperation 
remains to the patient. Faradism, when applied to the 
large intestine, causes a circular contraction at the t^qvcA* 
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of stimulation, and slow peristaltic waves epreading along 
the bowel from that point. This may be seen experiment- 
ally in an animal if the pelvic nerve which innervates the 
lower portion of the bowel be exposed and stimulated by 
the faradic current. A similar result, though less marked, 
follows the direct application of the electrode to the wall 
of the large intestine. 

In tbe treatment of constipation by faradism, all that is 
necesaaiy besides the feiradic battery and its two conduct- 
ing wires is a rectal electrode and a roller electrode. The 
rectal electrode consists of a stout wire about ti inches 
long, ending in a small metal knob at one end ; at the 
other it is screwed into a metal cup on the inside of which 
is a female screw, which fits the screw terminal of the 
ordinary handle electrode. The 6-inch length of stout wire 
of the rectal electrode is covered by insulating material 
from below the meta! knob down to tJie metal cup in which 
it is fixed, thus leaving exposed only the metallic terminal 
knob. The patient must lie on_thc back-oa.aJiflBclwand 
the electrode is vaselined and inserted into the bowel for 
a distance of about 3 inches. Before insertion, the elec- 
trode has been attached to its handle and one of the wires 
leading to the faradic battery, and the patient's clothes 
most be so loosened that the front of the abdomen is 
easily exposed for treatment with the roller electrode. The 
battery is now started running with the secondary coil 
so placed as to give only a weak current, and the r oller e lec- 
trode is then wetted with ^ji jV y itt^r and applied to the 
front of the abdomen. If the secondary coil has been well 
pushed back, the patient will probably feel nothing, but 
if now the coil be sl owly pushed over the prim^^y_i]ia .*b- 
dominal^ muscles will presently ^shog signs of copjiftcting 
to the curreni,~aI3»ough the patient veiy hkely stiil ieela. 
nothi ng. The current should not be used in a strength 
greater than will produce g entle visible contra ctions of the 
abdominal muades. 
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When the desired strength of current has been attained 
by thus pushing the secondary coil over the primary, the 
roller electrode should be slowly pressed over the surface 
of the abdomen, following more or less the line of the 
colon^ beginn ing ove r_the caecum and ascending colon in 
the right inguinal region, arid so up to the right lower 
ribs, across the abdomen above the navel, and down the 
left side over the descending colon to the sigmoid. The 
movements of the roller electrode m ust be slow, and thus 
a sort of massage to the large intestme is combined with 
its direct stimulation by means of the faradic current. It 
is often recommended in books on electrical treatment, 
and stated in directions issued with the faradic apparatus 
by the electrician, that the primary faradic current should 
be used for stimulation of the intestines ; personally, I 
use only the secondary coil in all cases in which faradism 
is required. The duration of the treatment should be 
about t wenty min utes, and should be continued everj^ther 
day until the process has been repeated from fifteen to 
twenty times; Generally speaking, the treatment should 
be maintained for at least six weeks . It is best given in the 
morning about aQ. ^ur after break fast, and often the im- 
mediate effect of the treatment is that the patient feels a 
desire to go to stool. Although it is much to be desired 
that either the doctor or a skilled nurse should give the 
treatment, it is not impossible for intelligent patients to 
learn to apply it themselves, just as a patient may 
learn to wash out his stomach for himself. In the 
most obstinate cases of constipation the treatment may 
be given daily, but in the majority it will suffice if it be 
given thlfifi^iimes a week. 

Gralvanism should never be employed for this treat- 
ment. It stimulates the muscular coats of the bowel no 
better than faradism — indeed, not so well; and there is 
always a considerable risk of producing electrolysis of the 
mucous membrane of the rectum when in e,ou\».Q\) ^'\^ ^ 
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bare metal electrode while the constant cnrrent ia being 
UBed. Although th(^ same reasoning might be thought to 
contra- indicate the use of galvanism with the iDtragastric 
electrode in cases of dilated stomfich, yet the conditions 
"are then slightly difierent. The metal knob or terminal 
of the intragastric electrode should not be in contact with 
the wall of the stomach, but hidden inside the rubber 
stomach tube (as I always use it myself) ; or else if a stout 
insulated electrode be used without passing it down inside 
a rubber stomach tube, then the terminal knob dips into 
the liquid stomach contents, which would serve to prevent 
any electrolysis of the wail of the stomach, if only weak 
currents were used. However, the danger of producing 
such electrolysis is a, real one, and its effects might be 
Bcrioua. For that reason, in treating the stomach by this 
method, when using galvanism to augment the faradic 
treatment, as in the combined method to be described later, 
I always take care to reverse the direction of the galvanic 
current at least once a second, and never to use more than 
.'( to 4 ma. No nurse or attendant, however sldned, 
should be allowed to use the galvanic current for intra- 
gastric or rectal treatment, or for any treatment in which 
the electrode has to be applied to a mucous membrane. 
A fortiori, no patient, of course, should be allowed to use 
galvanism in this way. Faradism, on the other hand, 
cannot produce electrolysis, and though a clumsy nuise or 
patient may administer a sharp shock, yet no serious harm 
is likely to result. Its bark, so to speak, ia worae than its 
bite. The constant current ia much more insidious in its 
action, and a severe bum may easiiy be produced without 
very much pain being caused at the time. Its bite may, 
therefore, be most serious. 



Prolapse of the rectom is liable to occur in young 
infanta and in oid people, and in obstinate cases which 
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do not yield to ordinary methods of treatment, faradism 
by means of the rectal electrode may be called into requisi- 
tion. It is more likely to be required in old people whose 
muscles are losing their tone, and whose tissues are shrink' 
ing from senile causes, thus depriving the rectum of its 
previous mechanical siipport. The treatment may be 
applied in the same way as for constipation, thoiigK the 
roller electrode is not necessary, and a moist pad 
placed instead on the front of the abdomen will meet the 
case. 

Prolapse of the Uteriis and displacements due to laxity 
of ligaments may also be most advantageously treated 
by the faradic current. The method of application is 
similar in principle to that employed for the treatment 
of constipation. A stout bougie electrode, similar in con- 
struction to the rectal electrode, is passed into the vagina 
up to its posterior fornix, and the other electrode employed 
may be either a roller electrode or a moist pad placed on 
the front of th6 abdomen. If, as is not unlikely the case, 
there is chronic, constipation present also, then the roller 
electrode should be employed on the abdonien in the manner 
described in the section on the treatment of con- 
stipation. The treatment, as in the former class of case, 
should be given three or four times a week, for a period of 
about twenty minutes, and should be maintained for from 
Aix to eight weeks. I have known ohronic prolapse of the 
Uromb, which had previously necessitated the persistent 
ttse of a pessary, cured by this treatment, and at the same 
time the chronic constipation from which the patient suf- 
feted diiSappeared. 

* With Some faradic batteries, especially the mote ex- 
pensive olie^, ail apparatus is supplied by moans of which 
the inteitU£|tor can be made to vibrate quite slowly, four 
beats a secoii3^*'or'ev<^'n Iess,'T)eiiig not diflicult to obtain. 
It is effected by fixiftg an aluminium wire, bent to a sharp 
angle, upon the rigid interni])tor bar and unscrewing the 
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contact screw so that the excuraions of the ioterruptor 
hammer against the magnet must be larger. If this 
apparatiia ia used when giving faradic treatment to the" 
sto mach or other visce TH, then the m uBoies are not teta nised 
by the current as they arc when the interrupter ia running 
at the ordinary speed of thirty or forty per second, la- 
atead of a tetanic contraction, the muscles are thrown into 
rhythmic, clonic contractions, varjing regularly in speed 
with the alternations of the intemiptor. By thus allow- 
ing the muscle to relax momentarily after each brief con- 
traction, it is sometimes thought ^thatJl&ttel-iesilts may be 
achieved ; but, personally, I prefer tbe itse of the roller 
electrode with the Jntj' miptnr wnrkir) jr^ ^^ iti\ nn^innrv 
a peed . 
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This condition, induced by alcoholic or opium poison- 
ing, or respiratory or cardiac failure under an aneeathetic, 
may advantageously be treated by the faradic current. In 
an operating theatre an emergency coil is often kept ready 
for use, should the O4^casion arise. It consists of a power- 
ful dry cell driving a primary coil with a hammer inter- 
rupter. Over the primary coil is permanently fixed a 
secondary coil, and the starting switch has three or four 
stops graduating the strength of the current. A pair of 
wires and disc -electrodes on handles are permanently fixed 
on to the binding screws, so that the only preparation of 
the battery necessary is to wet the electrodes and turn on 
the starting switch. In cases where the respiration or 
heart has failed under an anesthetic, the wet electrodes 
should be placed, one upon the epigastrium or heart, and 
the other at the root of the neck just beliind the stemo- 
mastoid muscle. By this means respiration may be stimu- 
lated by producing contraction of the diaphragm through 
faradisation of the phrenic nerve, and contractions of the 
honrt miisr)e Jtself may also be provoked. 
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In the treatment of coma from alcoholic or opium poison- 
ing, especially in the latter, faradism may be of the 
utmost service. In opium poisoning the current may 
be applied with a small disc -electrode, or with the wire 
brush to the limbs and trunk, a flat pad as the indifferent 
electrode being applied to the spine. The current should 
be sufllciently strong to provoke well-marked muscular 
contractions. Its value lies in its powerful stimulation of 
sensory nerves, thereby preventing the patient from re- 
lapsing into that depth of coma which is so dangerous 
to life from the liability to cardiac or respiratory failure. 
Strong sensory stimulation produced by this means is a far 
safer means of keeping at bay the dangerous depth of 
coma in poisoning by opium than the old-fashioned means 
of walking the patient up and down for hours, until he 
dies from exhaustion perhaps as much as from the poison- 
ous effects of the drug. 

HYSTERICAL CONVULSIONS 

Are best arrested by strong faradic stimulation. A 
large flat pad should be applied to the spine or one 
thigh, as the indifferent electrode ; while for the active 
electrode a round pad of about one inch in diameter 
should be used on the chest and limbs. This is a better 
means of application than by using two disc electrodes 
in close proximity on the limbs or trunk, as in this 
latter case the electricity is practically confined to the 
neighbourhood of the electrodes, and the general stimu- 
lation is much less for the same strength of current. 
Except in very severe cases it will be unnecessary to use 
the wire brush for this treatment, as it is a much more 
painful form of application, and is likely to reduce the 
patient to tears and sobbing, and to induce a state of 
terror which reacts badly on the condition of the nervous 
system. Care must, of course, be taken that the diagnosis 
of hysterical convulsions is correct, axi^ \\v5\.\; \>sv<b vi.«vvN\^- 
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sions are not epileptic, apoplectic, or toxic in origin. Tlie 
strength of current that is likely to get the best results is 
one which will readily produce good, though not violent, 
muscular contractions; 

Catalepsy, whether due to hysteim or to other causes, 
may usually be arrested by the same form of treatment, 
though care should be taken to conmience with a com- 
paratively weak current, on account of the danger of 
producing a fatal syncope. 



CHAPTER IV 

% 

■ r 

THE GALVANIC, CONTINUOUS, OR DIRECT CU^^RENT 

SuLZER, in 1762, was on the track of the continuous ciir- 
rent, when he noticed the peculiar sensation produced in 
the tongue on its being touched by two pieces of lead and 
silver which were also in contact with each other. Galvani 
was the first to lay the foundation of our knowledge of the 
continuous or constant current battery, after studying 
the phenomena first observed by his wife, in 1789 , who 
produced convulsion of the muscles in a frog's leg by 
attaching one end of a metallic conductor to the muscles 
and the other to the lumbar nerves. Volta, soon after- 
wards, also worked at the same problem, and discovered 
the voltaic pile, which bears his name, composed of alter- 
nate discs of zinc and copper, separated by pieces of acidu- 
lated moistened card. It is in memory of these two pioneers 
in the field of electrical science that this form of current 
is often referred to as galvanic or voltaic. The name 
continuous or constant current is also applied to 
it because the flow of current, from a cell which produces it 
is steady and continuous. When supplied from the electric 
lighting mains, it is often called the " direct '' current, to 
distinguish it from the alternating current of some electric 
lighting circuits. This current may be obtained either 
from primary batteries or modifications of the original 
voltaic pile, from secondary batteries or accumulators, 
or from motor generators or dynamos. 

The Leclanch6 battery. — The continuous current is 
obtained from primary batteries as a result of chemical 
action. The commonest primary batte.Ty \i^e^ \.ox Tcvvi,^\^^ 
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work is the Leclanche, in one of its many modifications. 
The ordinary wet Leclanche cell consiate of an outer four- 
sided glass vessel, holding from one pint to a quart, which 
is about one-third filled with saturated solution of eal- 
ammoniac. In this is placed a rod of zinc, amalgamated 
with mercury, or, better, a cylindrical plate of zinc, to 
which is soldered a wire connecting it to the negative 
electrode. Inside the cyUndrical plate of zinc dips a carhon 
rod, with its lower end packed in a bag of crushed carbon 
and rough-grained manganese dioxide, or pyrolusite. To 
the top of the carbon rod is clamped a leaden cap, attached 
to which is a binding screw for the fixing of the wire of the 
positive electrode. When this battery is not working, there 
is, theoretically, no chemical action ; but when the wires 
of the positive and negative electrodes are connected to- 
gether, either directly or through a resistance, then chemical 
action is set up in the battery, and an electric current flows 
from the zinc to tlie carbon, and through the circuit of the 
wiRS back to the zinc. At the s?ime time the zinc ia gradu- 
ally dissolved, with the formation of zinc chloride, while 
ammonia gas is slowly given off, and the manganese di- 
oxide ia reduced to a lower oxide. This cell, when in good 
order, gives a current of good strength, having a voltage 
of 1-5, hut the carbon soon becomes ptilarised if the current 
is taken out rapidly through a low resistiince, bo that the 
voltage of the cell rapidly falls. If, however, the cell is left to 
itself for a time, it gradually recovers, so that it is a cell well 
adapted for intermittent work, in which heavy currents are not 
reiuired, as in medical electricity, or for telegraph purposes. 
By " polarisation " is meant the covering of the surface 
of the negative or carbon element with bubbles of hydrogen, 
as the result of the decomposition of the electrolyte by the 
passage of the current. The cell niay now be considered 
as a zinc-hydiogen cell, with a voltage of only ■82, instead 
of a zinc-carbon cell whose voltage is 1'5, and, therefore, the 
voltage of the battery fails. 
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In order to oxidise the hydrogen at the negative element, 
and thus prevent polarisation, a variety of manganese per- 
oxide called pyrolusite is used and packed around the car- 
bon, or incorporated with it. This substance can slowly 
oxidise the nascent hydrogen to form water, unless too 
strong a current is taken from the cell. If that occurs, the 
cell becomes polarised ; but after a period of rest the action 
of the pyrolusite slowly depolarises the cell again, and its 
voltage will be found to have risen to much the same as 
it was before. 

Instxiad of a wet cell, the parts may be arranged as a so- 
called dry cell, such as that of Hellesen or Obach. This 
latter consists of a zinc cylinder casing, mounted on an 
insulating asphalt base. In the centre is placed the 
carbon rod, which is surrounded by the depolarising mix- 
ture, consisting of nearly equal parts of manganese di- 
oxide and plumbago made into a paste with 1 per cent, of 
gum tragacanth, pressed into the required form. This is 
wrapped in paper and surrounded with the electrolyte, 
made of 85 per cent. plaster-of-Paris and 15 per cent, of 
flour mixed to a thin paste with saturated sal-ammoniac 
solution. This electrolyte occupies the space between the 
depolarising mixture and the outer zinc casing. Over the 
depolariser and electrolyte is placed a paper ring, above 
which is a layer of ground cork, then another paper ring, 
surmounted by a bituminous seal, through which a small 
glass tube is passed to act as a vent for the gases liberated 
by the action of the cell. The voltage of these dry cells 
is slightly higher than that of the wet cell, and they last 
fairly well, though they cannot be renewed as the parts 
of a wet cell can ; but new dry cells must be bought as the 
old ones become worn out. On the other hand, a battery 
of dry cells may sometimes be recharged from a dynamo 
or main direct current, just as though they were accumu- 
lators (see p. 115). 

Electrical units.— The volt is tl\e. ^tXA^^^ts- ^qs>^ Os. 
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electric preBBure or electromotlye force, and is a little less 
than that of one Danieli cell. Tliig cell consists of an 
outer glass or porcelain vessel containing a zinc cylinder 
standing in a solution of dilute sulphuric acid. Inside the 
zinc cylinder stands a porous pot containing a rod of copper 
immersed in a saturated solution of copper sulphate. Wtcn 
the Gtli^ii in action the zinc dissolves in the sulphuric acid, 
forming aids sulphat*, and the liberated SO, ion sets free 
coppeffrOii "fhe copper sulphate solution, and copper is 
deposited upon the central copper rod, wliich therefore 
grows thietet. This^eell la very constent, and its 
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The Uilit of resifltailoe is the okm, and is iixod as the 
resistance of a cblulnri of 'ikercury 106 inm. high and 
Isq. mm. in cross section, ^fd^Hing at O'^C. 14 -4921 grammes. 
This ia equal to" the reaistancfe 6^' a wire of pure copper 
1 mm. in thickness and a little o\^er 50' yaMs in length. 

The unit of electric currleilt'is the umpire, and is the 
measure of the current that will flbw through a resistance 
of 1 ohm at the pressure of 1 volt. In medical electricity 
the ampere ia too large a unit to be convenient, and the 
thousandth piirt of an ampere, or milhampere (ma.) is 
employed Instead. 

The unit of quantity is the coulomh—a, term scarcely 
ever required in medical electricity. It is the quantity of 
electricity represented by a current of 1 ampere flowing 
for one second. A coulomb may also be defined as the 
qnantitj' of electricity which, when passed through a 
solution of silver nitrate in a silver voltameter, causes a 
deposition on the platicum kathode of ■001118 gramme of 
silver. In electrical engineering a Lirger unit is more 
commonly used : the amfeTe-hour ; that is to say, a cur- 
rent of 1 ampere flowing for one hour, or 3,600 coulombs.' 

The UUit of capacity, or storage-power of a i 
denser, such as a Leyden jar, for electricity, is 
/ar/i4, or tip millionth port of a ]aTai^. A condenser has 
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the capacity of one £arad, which would require one coulomb 
of electricity to charge it to the pressure of one volt. 

The unit of electric energy is the waU, and is the 
measure of the rate at which work is being done. The 
number of watts consumed is obtained by multiplying the 
number of volts of electric pressure by the number of 
Itmperes of current flowing. Thus a current of -J -ampere 
at a pressure of 100 volts will do work at the rate of 50 
watts.- The amount of work done is usually reckoned 
in ivaU-hmirSy and 1,000 watt-hours is the Board of Trade 
unit for electric supply, and costs usually about sixpence 
for electric lighting. It can, however, be manufactured 
in this country for about one halfpenny in large power 
iBtations. 

Seven hundred and forty-six; watts are equivalent to 
one electrical horse-power : a force which will raise a weight 
of 550 lb. to a height of 1 foot in one second. 
. - One thousand watts, or a Jcilowatt, is the unit^f electric 
energy commonly used by electrical engineers in measur- 
ing the power of large machines. 

Since the number of watts, or rate at which work is 
being done, is the product of the voltage multiplied by 
the amperage, it will be clear that a current of 1 ampere 
at a pressure of 2(X) volts will do exactly the same amount 
of work as a current of 2 amperes at a pressure of 100 
volts. In reckoning the comparative efficiency of machines 
or electric lamps, it is usual to quote the number of watts 
required tx) work them. Thus the ordinary 16-candle- 
power incandescent lamp requires about 00 watts to make 
it glow brightly, and therefore on a circuit of 100 volts 
a 16-candIe-power lamp will consume '0 of an ampere, while 
on a circuit of 240 volts a lamp giving the same candle- 
power will require only -25 of an ampere. The lamps must 
be specially made for the diiffcrent pressures, and if a 
lamp def^igned for a 100-volt circuit were accidentally 
fitted on to a 240- volt circuit, as soon as the current was 
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turned on it would glow with intenBe brip;litness for a 
fraction of a second and then be destroyed. Hence the 
voltage of the lamps is always indicated upon the glass 
bulba. Some modem incandescent lamps, with metallic, 
instead of carbon, filaments, have a liigher efficiency — such 
as the Tantalum or Oaram lamps, producing the same 
candle-power at an expenditnre of from two-thirds to even 
one-third of the number of watta required to drive the 
ordinary incandescent lamp. Up to the present, however, 
it has not been possible to obtain metallic filament lamps 
designed to withstand a higher pressure than 130 volts. 

Ohm's Law.— For galvanic currents of compara- 
tively low voltage, Ohm discovered that in any circiut 
the resistance is inversely proportional to the strength of 
the current. From this he deduced the law that bears 
his name : " The strength of the current in amperes is equal 
to the electromotive force in volts divided by the resist- 
ance in ohniB." This may be expressed by the formula, 

E 
C = D. where C = the strength of the current in amperes, 

E the electromotive force in volts, or EMF, and R the 
resistance in ohms. This law does not apply except in a 
modified form to currents of high voltage, such as are pro- 
duced by static machines, or currents of high frequency, in 
which the current practically passes only along the surface 
of the conductor. This is known as the " skin effect," 
If the conductor is wound in a spiral, the self-induction set 
up in the neighbouring turns of wire acts as an enormous 
resistance. 

When dealing with an electric battery as the source 
of supply of the current, we have to reckon in the sum of 
the- resistances of the individual cells, or the internal resist- 
ance of the battery, in addition to the sum of the total 
resistances in the external circuit. Thus the equation may 

E 
be written C = u , , t indicating the total internal re- 
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sistance of the battery. Small Leclanche cells have a 
higher internal resistance than large ones, the resistance of 
the latter being about '7 ohm when in good working order. 

Batteries and accumulators. — The arrangement 

of the cells in a battery will vary according to the work 
that it is required to perform. If a high voltage is required, 
and no great amperage of current, as in the treatment of 
patients with the galvanic current, then a large number 
of small cells must be used, instead of one or more large 
ones. These small cells must be coupled up in series ; that 
is to say, the zinc of one cell must be joined by a wire to the 
carbon pole of the next, and so on throughout the whole 
number of cells employed, the unattached carbon pole at 
one end of the batterv and the unattached zinc at the other 
being fixed to the wires, which are fastened to the treat- 
ment electrodes. By this means of coupling up the cells, 
the total voltage of the battery is the sum of the voltages 
of the individual cells. Thus, a battery of forty cells will 
have an available voltage of 60 volts when the cells and 
working parts are new and bright. 

This high voltage is necessary in medical treatment 
because of the high resistance in ohms offered by the skin, 
even when thoroughly moistened.' The resistance of the 
moistened skin to the passage of the current from two 
ordinary pad electrodes may be taken, on the average, as 
about 5,000 ohms. This resistance R is very great in com- 
parison with r, the sum of the internal resistances of the 
cells, even if we estimate the internal resistance of each cell 

E 60 

as high as 4 ohms. Thus, C =j^^ = 3 q^q ^ ^^q = 

•019 ampere, or 19 ma. Now, 19 ma. is a fairly strong 
current for medical therapeutics, and will rarely be required, 
except in the treatment of sciatica. Hence, a battery of 
40 cells will be found amply sufficient for all the purposes 
of galvanic treatment. It will be noticed how small a 
proportion the internal resistance of the battery Vs^ 
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to the external resistance— namely, that of the patient's 
skin and tissues ; and the internal resistance r of the 
battery may safely be neglected in working out the sum 
to find out either the milliamp^rage, the voltage, or the 
resistance of the circuit, when two of the three factors 
are known. 

Far otherwise is it when a large amperage of current is 
required at a low voltage to heat a cautery, or to drive a 
motor. To heat a cautery a high voltage is not necessary, 
but a large volume of current is required — often 20 amp^s. 
To obtain such- a current from a primary battery, large 
cells must be used, and they must be coupled up in two 
groups, the cells arranged in parallel. In each group all 
the zincs are joined together, and also all the carbons, so as 
to make in effect one large cell of large surface. The total 
voltage of each group is no more than that of one cell, but 
the internal resistance is much diminished, being the 
average resistance of one cell divided by the number of 
ceils. To obtain the tnaximuTn effect from a multiple-cell 
battery, the cells must be so arranged that the internal 
resistance r of the battery equals the resistance R of the 
external circuit. In cautery work R is very small, per- 
haps not more than .06 ohm, and therefore if U is to be 
large, it is of the utmost importance to keep r as small as 
possible. For this reason chromic acid cells or accumu- 
lators should be used. If even large Leclanoh6 cells, whose 
internal resistance is "7 ohm, were used to heat a cautery 

B 
with a resistance of "06 obm, using the equation C = -- — , 

in order to get 20 amperes of current we should require at 
least thirty-six cells, arranged in two groups of eighteen 
cells, each group arranged in parallel. This is an imprac- 
ticable number to use for this purpose, and even this 
number of Leclanche cells would soon fail to give such 
a heavy current, on account of the cells soon becom- 
ing polarised. Loolanch6 cells are, tlierefore, unsuitable 
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for this class of work, requiring heavy currents ; and it 
will be found far more convenient to use a small battery 
of accumulators, whose internal resistance is extremely low, 
and therefore eminently adapted for this kind of work. 

Accumulators can, moreover, give out a heavy current 
at a steady rate for a comparatively long period. Accumu- 
lators, when fully charged, may be reckoned to supply 
current at a pressure of 2 volts per cell, until about 75 per 
cent, of their charge is exhausted. A two-cell accumulator 
battery, coupled up in series, with a capacity of 45 
ampere-hours, will, owing to the almost negligible in- 
ternal resistance of the cells, be able to supply enough 
current for the largest surgical cautery. Its weight will 
be about 24 lb., and its cost about £3 10s. In medical 
and surgical practice, it will be found most convenient, 
therefore, to use a battery of accumulators for cautery 
work, or to light incandescent lamps for use with the 
cystoscope, the sigmoidoscope, for illuminating the interior 
of the mouth and throat, or other purposes. In most dis- 
tricts it is comparatively easy to get these small accumu- 
lators recharged at a low cost owing to the advent of the 
motor-car having made the small accumulator for ignition 
purposes a comparatively familiar object. 

Secondary batteries or accumulators.— A second- 
ary or storage cell is one which may be charged from a 
source of electricity such as a battery of primary cells or 
a dynamo. They are usually built up of lead plates in 
sets of three, each secondary . cell having one positive 
and two negative plates. The positive plates are covered 
with a paste of peroxide of lead, and the negative plates 
with spongy lead. The plates dip into a dilute solution of 
sulphuric acid, 1 part of acid to 5 parts of water ; and the 
receptacle to hold the plates may be of celluloid, ebonite, 
or lead. Binding screws, with wires, are attached to the 
positive and negative plates. The spongy le6,d at +' 
negative' plate, and the lead peroxide at the positive vsS 
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acid electrolyte, form an electric cell in which the spongy 
lead is positive and the peroxide of lead negative. When 
the terminals of this cell are joined by a wire through an 
external circuit, then a current passes from the spongy 
lead through the liquid to the lead peroxide, and out through 
the positive binding screw attached to the peroxide plate. 
This cell has an EMF of a little over 2 volta. In this 
process the spongy lead dissolves in the acid to form lead 
sulphate, which is deposited oo the plate, the hydrogen 
combining with the oxygen of the peroxide on the other 
plate, on which lead sulphate ts also formed. The acid is 
thus gradually used up, and its speciHc gravity falls, and 
after a time the voltage of the cell drops below 2 ; this 
occurs when about three-quarters of the total electric 
charge has been withdrawn, and tbe cell should then be 
recharged before being used again. If a dynamo or battery 
of large primary cells is connected to this lead cell, positive 
to positive, and negative to negative, and if the EMF or 
voitage of the dynamo or battery la greater than that of 
the lead cell, a current will flow into the lead cell in the 
reverse direction, and the efEect of this is to reverse the 
previous chemical process, so that lead peroxide is re- 
formed on the positive plate, and spongy lead on. the nega- 
tive. This is what is meant by charging the coll or accumu- 
lator. There is no actual storage of electricity as such, but 
the work done by the charging electric current causes a 
chemical dissociation in the storage cell, so that the 
chemical affinities of the spongy lead and peroxide of lead 
with the dilute sulphuric acid are again available foe com- 
bination, with the accompanying evolution of an electrical 
current. It will be noticed that the anode or positive plate, 
and the kathode or negative plate, are so called because the 
binding screws and wires attached to them in the external 
circuit are respectively positive and negative, though in the 
ceil itself the so-called negative plate, or sjiongy lend, is 
positive to the peroxide plate. 



GALVANIC CURRENT 115 

A storage cell is, therefore, directly comparable to a 
Leclanche cell, in which the zinc in the cell is positive to 
the carbon, though the binding screw and wire attached 
to the zinc terminal are negative. 

Further, a Leclanche dry cell, if recently run down, may 
be recharged just like an accumulator cell, using a dynamo 
current or strong primary battery for the purpose. If the 
cells have dried up, and the current cannot be made to pass 
into them, standing them in water deep enough to cover 
the open vent holes, for a quarter of an hour or more, will 
correct the defect. This knowledge may be of use to those 
who use a dry battery for galvanisation, or for lighting a 
small head lamp, such as the " Ever Ready," for throat 
or ear examinations. This instrument is a very handy and 
compact form of head lamp, fitted with a 7-volt lamp and 
driven by a small battery of five dry cells in series, in a 
leather case, with plug attachments and wiring. The five 
cells, when new, have an EMF of 7*5 volts, and light up the 
lamp brilliantly ; but after repeated use, or in a couple 
of months if the instrument is not much used, the voltage 
of the cells falls below 7, and the lamp now gives insuffi- 
cient light. A new set of cells costs half -a -crown, but the 
voltage of the old cells may be quickly renewed, and the 
lamp regain its brilliance, if the cells are recharged as though 
they were an accumulator. I recharge mine, when neces- 
sary, from my wall apparatus for using the dii:ect main 
current, graduating the voltage by the sliding rheostat 
until a current of 150 ma. is shown on the galvanometer. 
Before the wires from the main apparatus are joined on to 
the cells, care should be taken to push the sliding spring 
of the rheostat sufficiently far to provide an available voltage 
approximating that of the cells, or else the cells will at once 
discharge in a short circuit through the apparatus at a rate 
of perhaps several amperes. The sliding spring contact 
should then be moved backwards or forwards so as to bring 
the needle of the galvanometer to zero, when tha N^^V^a.^ 
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of the ccIIb and of the charging apparatus are in equilibrium. 
Then increase the voltage by pushing on the spring until a 
current of 50-150 ma. is shown on the galvanometer; 
this is allowed to run for twenty minutes or longer, accord- 
ing to the number of cells and their condition, when they 
will be again available for use. When the charging is com- 
pleted, as will be indicated by babbling from the vent holes 
of the cells, the battery cf cells must be disconnected from 
the wires joining it to the charging apparatus before the 
current is turned off, or else they will be short-circuited. If 
a battery for galvanisation IB being recharged in this 
way, its galvanometer should first be taken out of the 
circuit. 

Accumulatcrs have practical ly a neghgitile internal 
resistance, and they are therefore excellently adapted for 
cautery work, where a heavy current has to be driven 
through a very low resistance in the external circuit. Thrir 
capacity is spoken of in terms of "ampere-hours," l>eing 
the rate of discharge in amperes multiplied by the number- 
of hours it can be maintained. 

They must be kept vertical, or the acid will spill, and 
they must not be jolf*d, or the plates are liable to break, 
or the peroxide of lead is liable to become detached from tlie 
positive piate. Lastly, they, should never be allowed to 
remain long in an undischarged state, as they then rapidly 
deteriorate. Their EMP and capacity improve after they 
have been charged and discharged several times, owing to 
the increased formation of spongy lead on the negative 
plates ; and they are kept in the best condition if they are 
in constant steady use, and are recharged as soon as 
their voltage falls below 1"8 volte per celt. 

For therapeutic use, the galvanic current will be best 
obtained from a battery of dry cells, which requires no at- 
tention on the part of the user, and which will give a 
fair current with moderate daily use for about a -year. 
When exhausted, these cells will have to be replaced by 
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new ones at ai cost of Is. 6d. each, unless their voltage can be 
renewed as described above, so that a battery of forty 
cells will cost about £3 yearly to renew, if in fairly constant 
use. The faradic battery, on the other hand, is much 
cheaper to run, as the renewal of the two large cells re- 
quired to drive the coil will cost only 5s. every six or twelve 
months, according to the amount of work demanded of it. 

Tests far polarity. — All galvanic batteries should be 
marked by the maker so as to indicate the sign of the 
electrodes j that is to say, which binding screw is nega- 
tive and which positive. Since the zinc is the electro- 
positive element, the zinc dissolving in the solution, while 
the current flows in the cell from the zinc t6 the carbon, 
it is obvious that the current leaves the batterv and enters 
the wires of the external circuit from the carbon or negative 
element, which is therefore attached to the positive elec- 
trode ; while the zinc, which is the positive element, is 
attached to the negative electrode. The zinc terminal of 
the battery will, there f 01*0, be marked by a, negative sign, 
-, while the carbon terminal will be marked by the posi- 
tive sign, +. 

It is always wise, however, to t-est the battery one- 
self, and not to trust entirely to the instrument maker, 
and to test the poles is quite a simple matter. One way 
is to connect two wires to the binding screws of the battery, 
and after turning on twenty or more cells, dip the two free 
ends of the wires into a tumbler of water, holding the 
points about i inch apart. The point which bubbles most 
is the negative electrode, and is that attached to the zinc 
element of the battery. This bubbling is due to the evolu- 
tion of hydrogen, owing to the decomposition of the 
water. Unless platinum or gold electrodes are used, there 
will be no bubbling of oxygen at the positive electrode, 
owing to the oxidation of the metallic points. 

Another convenient way of testing tlie poles of th 
battery is to use a piece of pink litmus pa^ex, "^Vaw.^ 
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litmuB is moistenetl, if the two free ends of tlie wires that 
are attached to the battery are placed about J inch apart 
upMi the wet litmus, after turning on a few cells, the nega- 
tive electrode will make a bright blue mark on the pink 
litmus, owing to the production of alkali at the negative 
electrode. Similarly, acids are produced at the positive 
electrode, which turn blue litmus pink ; but the change 
in colour ia not nearly ao pronounced as the blue dis- 
coloration of the pink litmus by the negative electrode. 
When onr.e the battery has been tested and the poles 
are correctly marked, it is impoaaible for the polarity to 
become changed until the battery ia taken to pieces and the 
cells renewed. If, however, the electric light main is 
used, reducing the voltage through a shunt reaiatance, 
then the polarity of the binding acrews for the attach- 
ment of the electrodes may easily become changed, owing 
to the wall-plug attachment having been turned round, 
unless it is of the old-fashioned concentric -pattern. 

Efifects of galvanism on the skin.— The action of 

the two poles on the skin and tissues is somewhat dif- 
ferent. If the wires Ije att,ached to two equal-sized elec- 
trodes of about 1 inch diameter, and a current of 2 to 3 
ma. passed after applying the moistened electrodes to 
the skin at a few inches apart from each other, it will 
be noticed that the negative electrode, or kathode, is much 
the more painful of the two. If the electrodes be left 
closely applied to the skin, and a current of that magni- 
tude passed continuously for half an hour or more, prob- 
ably electrolysis of the skin will take place; on re- 
moving the electrode one or more sore places will be 
found, ulcers which take a considerable time in healing. 
This is more liable to occur if the surface of the electrode 
presses unevenly on the skin, a result which is very com- 
mon from bending of the electrode, or from a depression 
in the plate electrode occurring at the point of attachment 
of the binding screw. 
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Bare metal should never be allowed to touch, the skin, 
and all electrodes should have metal surfaces, which can 
be covered with padded webbing, or chamois leather, or 
other absorbent material. This padded cover to ;the 
electrode serves two purposes : first, by retaining moisture, 
it makes good electrical contact between the metal of the 
electrode and the skin ; and, secondly, it prevents burn- 
ing of the skin to a great extent, the electrolytic action 
taking place in the moisture of the pad instead. The 
webbing or chamois leather surface of the electrode should 
be made easily removable, and should be changed fre- 
quently. One great danger in using old, worn pad elec- 
trodes is that a comer of the metal disc or plate may come 
in contact with the skin, and if a continuous current of any 
strength is being employed, and the pad is not being 
moved about, a severe burn will quickly occur, for prac- 
tically all the current passing through the pad will then 
rush through the exposed metallic contact with the skin, 
owing to the far smaller resistance at this spot. If the elec- 
trode be allowed to remain in contact with the skin for some 
minutes, the skin will be found afterwards to be bright red 
from dilatation of the superficial vessels ; and if the current 
density be too great, then after some minutes small yellow 
blisters will appear, which break down into ulcers and are 
somewhat painful and troublesome to heal. The patient's 
sensations are not always sufficient guide to what is occurring, 
and though he will probably feel considerable discomfort, 
he may not draw sufficient attention to what is happening 
until it is too late. When passing a continuous current 
of 3 ma. or more through padded electrodes for more 
than five minutes, it should always be made a rule to in- 
spect the skin under the electrodes, especially the negative 
electrode, every few minutes, and if any suspia' 
blistering is seen the electrode must be moved or ihf 
ment stopped. To ensure safety, I always use a 
wetted cotton wool between the electrode and the A 
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Padded electrodes, even though thoroughly wetted 
before beuig faatened in poHitiou, invariably dry more or 
leas rapidly from the warmth of the skin, and therefore it 
will be necessary to wet the pads B,gain every six or seven 
minutes. Chamois leather will be fouud to retain the 
moisture longer than iiannel, which soon dries, and, when 
new, flannel covering to plate electrodes will hardly retain 
any moisture at all on account of the greasy dressing pre- 
sent in the material. This should be washed out with soap 
and water. 

As a rule, hot water is all that is necessary for wetting 
the electrodes ; but in case the electromotive force of the 
battery should be scarcely sufficient, the resistance of the 
akia may be further diminished, and the current corre- 
spondingly increased by wetting the pads with strong 
solution of sodium bicarbonate. This is better than using 
salt solution. After a pad electrode has been in position 
for some time, and the continuous current running, the 
drying of the pad will be accompanied by a fall in the 
amount of current passing, and yet at this time the patient 
often complains of a burning sensation under the pad. 
This is due to commencing electrolysis of the skin, owing 
to the disappearance of the moisture from the pad ; the 
remedy will be to again wet the pad thoroughly. Although, 
by thus diminishing the resistance more current is allowed 
to pass, yet the process of electrolysis is transfejred from 
the surface of the skin to the interior of the pad, and the 



It is of some importance to remember that the amount 
of pain produced, or the danger of burning of the skin, by 
the passage of a continuous current, depends vary largely 
upon the she of the electrodes which are in contact with 
the skin ; that is to say, upon the density of current per 
square inch of electrode. Aa a rough measurement, not 
more than 1 to Ij ma. of current per square inch of sur- 
face of either electrode should be used for treatment, it 
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the current k allowed to run steadily without moving the 
electrodes. For example, if two flat electrodes, each 
6 inches by 4 inches, are used in the treatment of a case of 
sciatica, by application to the buttock and leg, then not 
much more than 24 ma. of current should be employed. 
On the upper extremity not more than half this amount 
should be exceeded. When, however, there is a large area 
of skin contact, as in Apostoli's method of electrolysis of 
uterine fibroids, in which a large wet clay electrode is applied 
to the front of the abdomen for the positive pole, as much 
as 150 ma., or even more, have been, used. 

Again, if the patient's body is immersed to the neck in 
an electric bath, much larger currents may be pas^^d 
through the body without causing any pain or injury, to 
the skin, than can be passed through an electrode 6 inches 
by 4 inches. In an electric bath the whole area of the 
skin in contact with the water acts as an electrode ; and 
though the parts nearest the metallic electrode which con- 
ducts the electricity from the battery to the water will 
receive a greater density of current in proportion than the 
parts of skin more distant, yet a large quantity of current 
may be passed through the body without the density of 
current per square inch of sldn surface approaching that 
of 1 ma. On the other hand, when the electrode surface in 
contact with the skin is made very small, then a small 
strength of current, as shown on the galvanometer, may 
cause severe pain. In an extreme case, as in using a needle 
electrode for electrolysis, if the negative electrode is at- 
tached to the needle, and the point applied to the skin, the 
passage of even ^ ma. of current causes a sharp pain, like 
the sting of a wasp. 
" It must be remembered that the negative electrode, or 
kathode, is the more painful of the two, and its action is 
more stimulating than the positive electrode, or anode, 
which has certain sedative properties. The negative 
electrode is the stimulating electrode, and causes brisker 
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or anode is applied to the muscle, though sfcroDgcr with 
the kathode. In the so-called combined hatteriea that are 
made, with both faiadic apparatus and separate cells for 
faradiam and galvanism, both currenta are led to the same 
pair of binding screws, and by means of a switch, known as 
the De Watteville switch, either faradism or galvanism may 
be used separately ; or, by turning the switch half-way 
only, the combined current may be used as just described, 
the galvanic cells and the faradio coil being thus coupled 
up in series. 

The instrument makers are very liable to overlook the 
point that the galvanic cells and the faradic coil must 
be coupled up in series, and sometimes they are just as 
likely to couple them up in parallel ; that is to say, nega- 
tive pole of galvanism to negative pole of faradic battery, 
and positive pole to positive pole. If this has been done, 
when using the combined current the faradic contractions 
wiU become weaker instead of stronger as the galvanic 
current is turned on. This faulty method of coupling up 
the faradism to the galvanism will not matter so long as 
the two currents are used separately, but will only affect 
the results of combined current treatment. The easiest 
way to test the battery for this point, after it has come home 
from the makers, is to apply slowly interrupted faradic 
shocks to a muscle, noting the minimum point on the 
scale at which slight but definite contractions are first 
seen ; then, with the De Watteville switch placed half-way 
between F and G, turn on about ten cells of the galvanism, 
and note if the muscular contractions resulting from the 
faradic shocks are made stronger or weaker. If they are 
made stronger after turning on the galvanic current, then 
the apparatus has been coupled up in the right way ; but 
if the contractions are weaker instead of stronger, then 
the faradic coil and the galvanic cells have been coupled 
up in parallel, instead of in series, and tliis has to be altered. 

The easiest way to alter it is to undo the wire conneo- 
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tions of the special cells which drive the faradic coil, wid 
then reverse, so that the wire which was previously attached 
to the zinc of the battery should then be fixed to the car- 
bon, or copper, according to the make of battery that 
is being used. By doing this, the direction of the battery 
current in the primary coil is reversed from what it was 
before, and consequently the extra induced primary cur- 
rent, and the induced currents in the secondary coil, will 
be also reversed in direction. Now, it is only the induced 
current at break which is of any practical use in a faradic 
apparatus, so that the current of a faradic battery is 
practically unidirectional, though of course interrupted ; 
and, therefore, one may speak of a positive and a negative 
pole for the faradic current, as we do for the current from 
a battery of galvanic cells. 

REACTION OF DEGENERATION 

The continuous current, when applied to normal muscle, 
stimulates the nerve-endings in the muscle, so that the 
resulting contractions are quick twitches, similar to those 
produced by single faradic shocks. When, however, the 
nerve supplying the muscle has been injured, then the nerve 
degenerates and the muscle substance also becomes altered 
and degenerates also. When this is the case, the applica- 
tion of the faradic current over the muscle or motor point 
no longer produces any contraction, even with as strong a 
current as can be borne. Application of the continuous 
current now no longer produces the quick twitch as in the 
normal muscle ; but a new type of contraction is seen : 
a sluggish contraction, slowly developed and slow to 
relax, though often a larger contraction than the same 
strength of current would produce in the normal muscle. 
This phenomenon is called the " reaction of degeneration." 
This form of contraction is produced by the direct stimul 
tion of the altered muscle substance by the continu 
current, not by any stimulation of the nerve-ending 
J 
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the muscle. The excessive coutmotion of the degenerating 
muscle to even weak galvanic currents of 1 or 2 ma. ia called 
" hyperexcitability to galvanism." 

In addition to these phenomena, there appears on altera- 
tion in the relative strength of the contractions at the 
■ kathode and the anode. Whereas in normal muscle the 
kathodal closure contraction is stronger than the anodal 
closure contraction, or KCC > ACC, when tiie nerve 
is degenerated as the result of an acute lesion there is a 
change in the polar reactions, and very often it will be 
found that KCC = ACC, or even that ACC > KCC. 

Sometimes, in the more acute forms of nerve injury, 
especially in lesions of the musculo -spiral nerve, as in crutch 
or sleep palsy, besides the above described forms of change 
of reaction, it will be found that tetanic contractions in the 
paralysed muscles may be set up by closure of the current 
at either the kathode or anode. 

These changes, known as the reaction of degeneration, 
do not occur when the nerve and muscle both waste 
very slowly, as in progressive muscular atrophy. The 
reaction of degeneration, or RD, as it is often apoken 
of, occurs only aft«r sudden or acute damage to the 
nerve-cells in the anterior horn of the spinal cord, or 
to the nerve fibres proceeding from these cells to supply 
the muscle. Thus, RD will be found in the para- 
lysed muscles in cases of infantUe paralysis, in which the 
anterior horn cells in the spinal cord are acutely damaged ; 
in neuritis of the nerve trunks, as the result of inflamma- 
tion or pressure, as seen in facial paralysis, crutch and 
sleep palsies, etc. ; or in acute inilammation of the peri- 
pheral endings of the motor nerves, as in multiple neuritis. 

The alterations in electrical reactions of nerve and 
muscle are not found immediately after the damage haa 
taken place to the nerve or nerve-oell in the cord ; and, 
therefore, it is clear that the electrical change is not due 
merely to the cutting off of the nervous impulses from 
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above. Four to seven days elapse before the electrical 
changes become noticeable, and since about this time struc- 
tural changes can be demonstrated microscopically in the 
nerve and muscle tissue, the changes must be due to 
chemical alterations in those structures. 

Reaction of degeneration in the nerve is shown by the 
loss of power of conduction either of faradic or galvanic 
impulses along it ; normally, stimulation with either 
current over a motor nerve produces brisk contraction 
of the muscle supplied by it, tetanic contraction in the 
case of the interrupted current, and a single twitch in 
the case of the galvanic. Reaction of degeneration in 
the nerve differs from RD in muscle, for in the nerve there 
are no polar changes and no preservation of contraction 
to one current and not to the other. All that happens is 
the rapid disappearance of conductivity of the nerve to 
either current. Before this takes place, there may be 
noticeable for a day or two, soon after the injury, a slight 
degree of hyperexcitability in the nerve to either current, 
so that stimulation of the nerve on the damaged side elicits 
stronger muscular contractions than on the sound side. 
This wave of hyperexcitability passes down the nerve from 
the site of the injury, and is succeeded by diminished ex- 
citability, and finally by complete loss of power of conduc- 
tion of the electrical stimuli. Although there may be this 
complete condition of RD, as described, in nerve and in 
muscle, yet this does not imply that it is impossible for 
voluntary stimuli to pass along the nerve and elicit mus- 
cular contraction, a condition which may not uncommonly 
be seen in the recovering stage of nerve injuries and in lead 
neuritis, in the muscles on the extensor aspect of the 
forearm. 

RD is never met with in the slow muscular atrophy 
of the myopathies, or in the atrophy of muscle following 
myositis, unless the nerve elements have been damaged 
also. In the condition known as isctomic ixi:^^'^ 



132 ELECTRICAL TREATMENT 

{see p. IftO), there is no reaction of degeneration found, 
unless at the same time the nerves supplying the muscle 
have also been injured, Ischtemic myositis ia a condition 
of primary contracture of muscle due to interference with 
its blood supply from tight bandaging, or the too tight 
application of splints. The contracture developa at once, 
and ia thus easily to bo distinguished from a paralytic 
contracture, which takes time to appear. The muscle 
usually wastes somewhat, but the reactions to faradiam 
and to galvanism will be brisk and of normal character, 
though probably not so powerful as in the corresponding 
muscle upon the sound side. In certain cases of ischasmio 
myositis, as of the flexors in the forearm resulting from 
tight bandaging or splinting in cases of injury in the neigh- 
bourhood of the wrist, the median, or even the ulnar nerve 
may be damaged by the pressure at the same time as the 
muscles sufler. In this case there will be anffistheaia, 
wasting of the skin and nails, and reaction of degeneration 
in the hand muscles will appear at the end of the first 
week. 

The essential feature of the reaction of degeneration con- 
sists in the loss of the faradic excitability of the muscle, 
while it still retains its contractility to galvaniam. When 
this is the case, the contraction to galvanism is not of the 
brisk, twitching character seen in normal muscle, and 
which is produced by the stimulation of the motor nerve- 
endings in the muscle by the galvanic current when the 
circuit is closed. Instead, a slow, sluggish contraction ia 
seen, which may be of greater volume than the twitch of the 
same muscle to the same strength of current in health, but 
which is more slowly developed and relaxes more slowly. 
Thus less to faradism, and preservation of contraction to 
galvanism, with sluggish contraction, is the essential point, 
then, of the reaction of degeneration The polar cbangi 
ACC > KCC is not, by any means, aluajs present, and 
hyperexcitability to galvanism aliio usually disappeon 
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after some weeks. This change, described as reaction of 
degeneiation, is indicative of a lesion of the lower 
neurone — either sudden, acute, or subacute — damaging the 
anterior horn cell in the spinal cord, or its axon — the nerve 
fibre proceeding from the spinal cell to its motor nerve - 
ending in the muscle. The change seems to be associated 
with the loss of the fibrillation of the muscle, the sluggish 
contraction which remains to galvanism recalling that 
seen in sarcoplasm, or undifferentiated protoplasm, when 
stimulated by the galvanic current. 

As previously said, hyperexcitability to the galvanic 
current is not always present in cases of nerve injury or 
damage to the nerve cells in the anterior horn. If the nerve 
is completely destroyed, as when divided by a stab wound, 
hyperexcitability to galvanism does not appear. The 
muscles lose their irritability to faradism after seven or 
eight days, and at the same time the excitability to gal- 
vanism will be found to be diminished, as compared with 
the normal, though the contractions, when evoked, are 
sluggish, and the polar change will be present, giving ACC 
> KCC. This same condition of complete reaction of 
degeneration will be seen in the worst cases of infantile 
paralysis, when the nerve cells are completely destroyed ; 
and this absence of hyperexcitability to galvanism, with 
sluggish contraction and ACC > KCC, may be taken 
as evidence pointing to a complete destruction of the 
nerve cells, or severance of the nerve. When the injury 
is only partial, hyperexcitability to galvanism is usually 
found, and this sign is thus one of the points of partial 
RD, with correspondingly better prognosis. This do«i 
not seem to apply, however, to facial paralysis, in wl 
even with the most severe permanent paralysis, witl 
attempt at recovery or appearance of contracture, t 
is hyperexcitability to galvanism present, usually 
months. It is possible that the facial muscles, being 
ferentiations of the platysma, owe this difference in t 
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of their reaction of degeneration to the fact of tlieir develop- 
ment being distinctive from that of the skeletal muscles. 
To sum up : Reaction of degeneration consists of — 

1. Loss of contraction to faradism. 

2. Preservation of contraction to galvanism, with 

(a) Sluggish contraction. 

(6) HypetexeitabiJity. 

(c) ACC = or > KCC. 

{d) Kathodal or anodal closure tetanus. 
Reaction of degeneration may be incomplete — parti^ 
RS, as it is called-in leas severe cases of neuritis or of 
damage to the anterior horn cells. There are various 
degrees of partial RD, with corresponding differences in 
the prognosis as to the severity and duration of the paralysis. 
Thus, the reaction to faradism may be only diminished, 
and not lost entirely, with a sluggish reaction as compared 
with the sound side. In the slighter cases the reactions to._ 
galvanism may also be reduced, with slight sluggishness of 
contraction and no polar change. In others, a little more 
severe, with the reduction to faradism the galvanic reactions 
may be about normal in strength, or slightly excessive, 
with sluggishness of contraction especially marked to tLe 
anode, wliilc yet remaining brisk to the kathode, while 
KCC > ACC. Reaction of degeneration is more easily 
demonstrated in the facial muscles in cases of Bell's palsy, 
especially in the orbicularis oris, than in any other mus- 
cular wasting. Hypere.xcitability to galvanism also per- 
sists longer in the facial muscles than in any other wasting 
being often well marked twelve months after the onset of 
the paralysis. 

The presence of hyperexcitability to galvanism will 
always be measured by comparing the strength of con- 
traction obtained in the corresponding muscle on the sound 
side, using the same strength of current. If the muscles 
on both sides are affected, as in multiple neuritis, then tlte 
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question as to the existence of hyperexcitability must be 
judged from experience of the usual strength of contrac- 
tion obtained from the particular muscle that is being 
tested with the strength in milliamp^res, or, roughly, the 
number of cells that, are being used. For example, in well- 
marked reaction of degeneration in the facial muscles con- 
tractions may be obtained to the anode with only two 
cells, or a current of | ma., while normally six to eight cells 
will be required to obtain a contraction. In the thigh and 
back muscles, currents of 5 to 8 or 10 ma. are sometimes 
needed to demonstrate the contraction of normal muscles. 

Sometimes a form of partial reaction of degeneration is 
met with, as in facial paralysis or lead neuritis, in which 
the voluntary power is only slightly impaired and the 
faradic reactions of the nerve and of the muscles are but 
little diminished ; while the galvanic reactions of the 
muscles show the signs of RD above described — especially 
the sluggish contraction to the anode, which may also 
give ACC > KCC. Reaction of degeneration does not, 
therefore, mean always that there is complete loss of 
voluntary power ; for the same thing is seen in the stage 
of recovery of the nerve, when voluntary power may retuhi 
in the muscle before any faradic reactions can be obtained 
and while the galvanic reactions are still sluggish, perhaps 
h3rperexcitable, and ACC either = or > KCC. 

Tetany. — This is a condition of muscular spasm affect- 
ing especially the distal muscles of the extremities — hands 
and feet. Slight instances of it are common in the so-called 
carpo-pedal contractions seen in rickets in very young 
children. In more severe cases the muaonlar -«*-«^ !«• 
volve the muscles of the face, back, and aM 
rigidity of expression, slight opisthotonos, ai 
of the abdominal muscles ; so that at timoB 
some difficulty in separating the diseaae 1 
The flexed condition of the forearms in Uie'i 
the interosseal position of the fingers (flexed* 
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carpo-phalangeai, but straight at the inter- phalangeal 
joints), together with the curious symptom known as 
Trousseau's sign, will always serve to distinguish the lesser 
from the grave disease. 

As has been said, tetany is common in rickety children, 
especially when there is much diarrhcea. It is seen in the 
chronic diarrhoia of tuberculous peritonitis, dysentery, and 
sprue; in gastric dilatation; in suckling women; after 
extirpation of the thyroid gland, and sometimes in the 
course ol acute fevers, such as diphtheria. In the severe 
spasms the pain is intense, though these are not common. 

Trousseau's sign is the production of the spasm by firm 
gripping of the main artery or nerve to the limh — for in- 
stance, gripping the arm so as to compress the brachial 
artery. This pressure probably at the same time, com- 
presses one or more of the main nerve trunks to the limb, 

Chvostek's sign is the excessive irritability of the facial 
nerve, so that a quick, light stroke across the skin in front ot 
the ear will produce a sudden contraction of the facial 
muscles, especially of the orbicularis palpebrarum. 

The electrical reactions in tetany are re.markable in that 
the opening contractions with the galvanic current are 
obtainable with far weaker currents than in normal muscle. 
With normal muscles the opening contractions — that is, 
KOC and AOC — are suarcely obtainable, lie cause the 
current required is almost too painful to l>e borne, KOC 
being especially difficult to obtain. It is said that in tetany 
the opening contractions may be more easily obtainable 
than the closure contractions : AOC > ACC or KCC, 
An anodal ojwning tetanus has also been described ; that 
is to say, on breaking the current the muscle has been 
thrown into tetanus at the anode. * 

It is important to distinguish the reaction of degenera- 
tion from that met with in the chronic muscular atrophies 
due (o progressive muscular atrophy or chronic anterior 
poliomyelitis, idiopathic muscular atrophy, and arthritic 
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atrophy. In progressive muscular atrophy, the wast- 
ing takes place very slowly, and therefore the faradic 
reactions diminish gradually, pari passu with the galvanic 
reactions, so that both ultimately disappear when the 
muscle has completely atrophied. Occasionally, however, 
in this disease, certain muscles, or parts of muscles, waste 
more rapidly than others, and then ED, or a partial type 
of reaction of degeneration, may be seen. In such a case 
part of a muscle may lose its reaction to faradism and give 
a slow, sluggish reaction to galvanism, with ACC > KCC, 
while the rest of the muscle may give a fairly brisk twitch 
both to the faradic and galvanic currents. In such a 
case it is possible to observe a double contraction on stimu- 
lation of the muscle with galvanism : first, a brisk twitch 
of the undegenerated part, followed immediately by a 
sluggish contraction of the part that is degenerating. In 
the myopathies, or idiopathic muscular atrophy, RD is 
never seen ; but a certain degree of sluggishness of con- 
traction will be observed both to faradism and to gal- 
vanism, a condition also seen in arthritic atrophy (see p. 
149). 

In spastic paralysis, as in spastic paraplegia due to 
old myelitis, or lateral sclerosis, or in the rigidity of old 
hemiplegia, the reactions to faradism and to galvanism will 
be similarly altered, slightly more difiicult to obtain, and 
more sluggish. 

The same change is seen in the muscular reactions 
when the limb is blue and cold; either from exposure 
to cold, or in conditions of vaso-motor disorder, as 
syringomyelia, neuritis, Raynaud's disease and other tropho- 
neuroses. In this condition, which I term the cyanotic 
reaction, the sluggishness of contraction to faradis? 
and to galvanism will pass off at once, and the norr 
brisk twitch to either cui*rent will reappear after a 
minutes' soaking of the part in hot water. 

Myasthenic reaction.— This is a curious form 
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reaction usually met with in cases of myaathenia gravia, 
in which the aflect^d muacles gradually or rapidly lose 
their excitability to faradism whilst being atimulated ; 
that is to say, their faradic excitability rapidly becomes 
exhauated. The disease affects adults mostly between 
twenty and thirty, and its cauae and pathology are as yet 
not understood. There is a progressive asthenia, and 
many muacles of the limbs, face, and trunk can be rapidly 
exhausted by repeated contractions, whether voluntary 
or due to faradic stimuli. When the reaction is well 
developed the muscle, which responds briskly at first to 
faradic shocks, soon weakens, until in from three -quarters 
of a minute to a minut« and a half it will no longer 
contract even to a strong faradic current. Even in this 
state, if the muscle has been exhausted to faradism only, 
it wjll still contract fairly well to voluntary stimuli ; and 
if these be repeated quickly for a similar interval, 
it becomes paralysed for the time being to voluntary 
stimuli as well as to faradism. It will still react 
well to the galvanic current, though no response can be 
got to voluntary efforts of the patient or to faradic 
stimuli. 

The rapid exhaustion of the muscle to faradism ia the 
essential point of the " myasthenic reaction " wliich Jolly 
described in 1895. It has to be distinguished from the 
reaction of degeneration, which it resembles in the point 
that the muscle will still respond to galvanism after it has 
lost all ita faradic excitability. The essential point to be 
recognised is the disappearance of the faradic reactions 
under observation, and this may occasionally be observed 
to occur after only a very few single faradic shocks have 
been sent into the muscle ; if these initial responses 
of the muscle to the faradic current are overlooked, the 
error of diagnosis of reaction of degeneration will probably 
be made. The exhaustion of the muscle to faradism and 
to voluntary efiort recovers after a time, if ihe muscle i* 
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left to itself, until it is similarly again exhausted by renewed 
stimulation. 

There is little or no muscular wasting in this extra- 
ordinary disease, the symptoms consisting of a variable 
muscular weakness, on the" whole progressive, affecting 
the face, limbs, trunk, and bulbar muscles. There is 
almost invariably bilateral ptosis, with a smooth forehead, 
the usual compensatory wrinkling of the frontalis being 
absent owing to the weakness of this muscle. The other 
facial muscles usually involved are the sphincters of the 
eyes and mouth, the orbicularis palpebrarum and orbicularis 
oris. Weakness of the lower jaw in chewing, and varying 
degrees of ophthalmoplegia are also extremely commons 
Nasal voice, owing to weakness of the soft palate, especi- 
ally towards evening or after much talking ; nasal re- 
gurgitation, choking attacks, with paroxysmal attacks of 
dyspnoea and cyanosis, in one of which the patient may 
die suddenly, ^re the usual symptoms, in addition to the 
limb and trunk weakness. 

The myasthenic electrical reaction, although extremely 
characteristic of the disease, is not absolutely pathogno- 
monic, and it has been described as occurring in many 
other forms of nervous disease, such as hemiplegia, cere- 
bellar tumour, neurasthenia, and the muscular dystrophies. 
It was, indeed, first described by Benedikt in 18G8 as the 
" Reaction der Erschopfbarkeit," ten years before the first 
case of myasthenia gravis was published. On the other 
hand, the myasthenic reaction has been found to be absent 
in imdoubted cases of myasthenia gravis. 

No lesion of the nervous system has been found to 
account for the symptoms, the nerve cells and fibres 
appearing perfectly normal under the closest scrutiny. 
The only findings of importance have been, in a number 
of cases, an enlargement or lympho-sarcoma of the thymus, 
and an infiltration of the affected muscles with lymphoid 
cells. 



CHAPTER V 

GALVANISM [ciynlinued) 

Muscular wasting may occur locally from diaeaee or' 
damage to the nervu supply of the muscle. Lesions of the 
lower motor neurone will be followed by atrophy of the 
muscle fibre supplied by the neurone, in proportion to the 
degree of damage to the latter. The lower motor neurone 
comprises the anterior horn cell in the spinal cord mid its 
axon prolongation, or anterior root fibre, which i 
tinued as the motor nerve to the muscle, ending within the 
muscle in the end-plate. Lesions of the spinal trophic 
centre, or poliomyelitis, may be acute, ^a in infantile' 
paralysis ; or subacute, as in some forms of lead palsy ; or 
they may be chronic, aa in progresaive muscular atrophy. 
Diseases of the nerves, too, may bo acute, subacute, or 
chronic. Lesions of the upper motor neurone in the brain 
or pyramidal tracts sometimes cause muscular wasting, j 
hemiplegia or in total transverse lesions of the cord. Primary 
wasting of the muscles may occur in the various forms 
of the myopathies, or it may result from a myositis due to 
primary inflammation of the muscular tissue, or from an 
iachieraio myositis such as may occur from pressure on the 
muscle from a tight bandage or splint, squeezing out th«- 
blood from the muscle and setting up a condition resem-; 
bling a primary rigor mortis in the living tisane. Arthritio 
atrophy, again, is reflex to disease of a neighbouring jointr 
and a certain amount of muscular atrophy also follows: 
after prolonged disuse. In all these conditiona, briefly 
enumerated, the muscular wasting is local, aflfecting t' 
limb or limbs primarily concerned. 
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Certain general conditions are also associated with 
muscular wasting which may be more or less profound ; 
namely, diabetes, cirrhosis of the liver, tuberculosis, 
pyaemia, rickets, anaemia, starvation, sprue, and in neu- 
rasthenia, tabes dorsalis, and Friedreich's disease. In these 
diseases the muscular wasting is general, and is an ex- 
pression of defective nutrition and metabolism dependent 
upon the particular disease with which it is £^sociated. 
There are certain points of dijBference in the wasting of 
muscles, according as it is dependent upon disease of the 
spinal anterior horn cells, or is due to neuritis, hemiplegia, 
myopathy, joint lesion, or is dependent upon one of the con- 
ditions causing general wasting, such as anaemia or starvation. 
The diagnosis must, therefore, be accurate, as the treatment 
and prognosis will necessarily differ in the various groups. 

INFANTILE PARALYSIS 

Acute anterior poliomyelitis is an acute affection of the 
anterior horns of the spinal cord, produced by a toxaemia 
due to one or more forms of microbic invasion. Throm- 
bosis takes place in small vessels in the anterior horns, 
minute haemorrhages occur, and, as a result, the motor cells 
in the anterior horns are damaged and destroyed. The pro- 
cess is, therefore, a very acute one, and the motor nerves 
supplying the muscles rapidly degenerate, owing to the 
destruction of their trophic spinal centres. The muscular 
paralysis is complete from the time of onset of the symp- 
toms, and the limb lies flaccid and the muscles rapidly lose 
their tone, and waste. Within a very few days those 
muscles whose spinal centres are completely destroyed will 
lose their reaction to even strong faradic currents, and will 
show sluggish contraction to galvanism, and the polar 
change ACC > KCC. Almost invariably the degree of the 
apparent paralysis is much greater at first than that which 
remains as a permanent result ; for example, a common type, 
of case is a child of three years who is attacked by an inc 
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nite malaiae and feverishnesB, is kept in bed, and o 
day it is found that both lower oxtremitiea are completely 
paralysed. Yet eventually one of the lower extremitiM 
may regain full power, while the other recovers only j 
tially, the anterior tibial muBclcB and the peronei atrophy- 
ing more or less completely, and the flexors and calf musoled 
wasting to a less extent. Not uncommonly all the musclei 
below the knee may be completely destroyed, and in a 
few cases (fortunately rare) every muscle in both lowel 
extremities may be completely and permanently para 
l3^ed. 

Acute poliomyelitis may, though rarely, occur in tfa 
adult, and the most severe case I have met with ocourr 
in a policeman, aged forty-eight, in whom there was ooni' 
plete and permanent paralysis of all the muscles of botl) 
lower limbs, abdomen, trmik, thorax, and of all the s 
muacjes, with the exception of the right deltoid, spinatij 
and biceps, and of the left flexors of the fingers. 

After the first ten days or fortnight from the onset of t] 
disease the electrical reactions, taken under an ancestlieti< 
if the patient is a young child, will decide for us whal 
muscles are permanently destroyed, and which arc likely t 
recover and may be improved by treatment. Those which 
preserve faradic reaction at the end of the first fortnight 
will eventually recover more or less completely, and theil 
recovery may be often considerably liastencd by patieni 
massage and galvanism, apphed daily if possible. A. flat 
electrode, 6 inches by i inches, well soaked in hot watei^ 
should be closely applied to the middle of the back and 
fastened in position by a bandage, while a moistened disoi 
electrode, 1^ inches in diameter, should be used for tho 
treatment by being rubbed systematically over the musclev 
requiring treatment. The negative electrode, or kathode, 
should be used for the treatment, while the anode is applied 
to the spine. The treatment electrode must be lifted c 
the akin after each stroke, so as to break the current, as 
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this is not done the muBcle will not contract and the full 
benefit will not be obtained. The atrength of current 
employed should be, as a rule, about 6 ma. 

Another very useful method of treatment ia to uae 
revereals of the galvanic current, or voltaic aiternativea, 




as it is sometimes called. If only one limb demands treat- 
ment, two flat electrodes are moulded on and fastened to 
the limb at the two extremities of the part requiring treat- 
ment, and the numbec of cells turned on to give a current 
of 6 ma., the current being then reversed by turning the J 
current reverser at intervals of about a second. This m&tC 
be more conveniently done by means of a mecbaniofl 1 
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reverser, such as a metronome, the spindle of wliich is 
prolonged to work a small Pohl'B commutator. SucH, 
an instrument was made for mo by Hoycr, of Woo^, 
Greeo, and has worked regularly for some years in tiia 
electrical department at St. Mary's (Fig. 12). The battery' 
current is led on to the commutator, and the electrode^' 
wires are fastened to two binding screws connected to thft' 
two mercury cupa on one side. The pendulum of 1 
metronome is set to beat at the rate of two half-beats ii 
second, and wound up to continue working for about 
twenty minutes. If the two lower extremities requiro- 
the treatment, it is most convenient to have two foot- 
baths, containing warm water, with one electrode connected 
to each, one of the patient's feet being placed in each battu 
This method is very efficacious, and saves a conaiderable 
amount of manual labour, being a necessity in hospital 
practice. 

It is remarkable how cases of infantile paralysis whioh. 
have been neglected will often improve under steady gal- 
vanism and massage, as the muscles which have been only" 
partially damaged often require persistent stimulus before 
they can be voluntarily used. I have seen a girl of fiftemi 
with severe poliomyelitis, who for six months had been un- 
able to get up out of a cliair or to pick up anything by her- 
self, improve so much under this method of treatment, 
although she could only obtain it twice a week, tliat sha 
became quite independent of other help. In bad cases the 
treatment should be persisted in for at least six months,, 
and the massage may be continued with benefit for a yeat 
01 eighteen months. 

POLIOMYBLITia 

Subacute pohomyelitis is occasionally met with aSeati 

ing the muscles of the extremities. It is not very infce^ 

quent in cases of severe and recurrent lead poisoning, iq 

which the ordinary form of wrist drop and, perhaps, deltoid 
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paralysis (also from lead neuritis) are prominent Bymptoms. 
In these mixed cases of neuritis and poliomyelitis there will 
be the usual paralysis and wasting of the extensors of the 
fingers and of the wrist, with escape of the extensor oasis 
metacarpi pollicis and extensor prim! intemodii. In addi- 
tion, atrophy of the intrinsic musojes in one or both hands, 
most marked in the thenar eminence and two outer dorsal 
interoBsei, will indicate an additional poliomyeHtis, which 
usually develops aubacutely, the weakness of the hands 
and the wasting reaching its height in from one to two 
months, and then becoming stationary. Sometimes in lead 
poisoning the poliomyelitis may attack the forearm alone 
without neuritis occurring, and the distribution of the 
musclea affected may closely simulate the usual wrist- and 
finger-drop produced by neuritis. The weakness may then 
be limited entirely to one forearm ; and another point of 
distinction from neuritis will be that the muscles will be 
affected in groups according to their spinal segmental 
supply. Thus, in one case the extensors of the fingers, the 
extensor ossis metacarpi pollicis, the extensor priml inter- 
nodii, and the extensor carpi ulnaris, were paralysed together 
on one side, the weakness having gradually developed during 
two months and remained permanent without any pain or 
other sensory symptoms. In this case the involvement of 
the ulnar extensor and escape of the radial extensor of the 
wrist were the chief clue to the diagnosis of poliomyelitis 
instead of neuritis, since the radial extensors arc supplied 
by the fifth and sixth cervical segment, and the ulnar ex- 
tensor, with the extensors of the fingers and thumb, from 
the seventh cervical. 

It is of the utmost importance from the point of view 
of prognosis to make a correct diagnosis between twlio- 
myelitis and neuritis, because the former eondi 
permanent, while the latter will almost certo 
under proper treatment. 

Another common mistake is to diagnose 
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of subacute poliorayelitiB as cases of progressive muBcular' 
atrophy, recogniaing their spinal origin, but making tbA' 
mistake of considering them as chronic progressive anterior 
poliomyelitis, and therefore of bad prognosis, instead ot 
recognising the subacute nature of the process, which reaohei 
its height in a month or two, and then becomes arrested;. 
In lead poisoning this form of subacute poliomyelitis is ott 
uncommon, and may even afiect all four extremities 
but true progressive muscular atrophy, causing death, ii 
an extremely rare sequel of lead poisoning, though I hava- 
scen it. In the subacute form of spinal paralysis jusfe 
described the reaction of degeneration on electrical testing, 
of the muscles will not be so well-marked as in cases of 
neuritis. Thus the faradic and galvanic irritability will 
diminish almost equally, although the galvanic irritability 
is always retained longer than the faradic, with sluggish j 
reaction, but giving KCC > ACC. 

TreatmeAt of the subacute and chroDic forms' 
of poliomyelitis consists of injections of strychnine hypo^ 
dermically, with massage and galvanism. If the musclof 
stiil give fair reactions to faradism, then combined faradiaiK! 
and galvanism may be advantageously employed, or Gm- 
sinusoidal current may give good results. The same methoct 
of applying the galvanism should be pursued as described' 
under the treatment of acute poliomyelitis. If combined 
faradism and galvanism is decided on, the strength of the 
galvanism must be less than when used alone, as the addi- 
tion of the faradism would otherwise be painful. Revemali^ 
of 3 to 5 ma. should be used, combined with slowly inte^ 
rupted faradism. The interrupter of the faradic battel^ 
should be so arranged as to give not more than four 
tt-rruptiona per second, and the sticcgth of faradism ui 
should be just sufficient to cause visible contractions 
the muscles before any galvanism is turned on. Th^ 
after placing the switch of the combined battery 
tion for the combined current, or after 'connecting 
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negative pole of the secondary faradic coil to the positive 
pole of the galvanic battery, if two separate batteries are 
used, the electrode wires are connected to the two remain- 
ing binding screws of the two batteries, and the galvanism 
is slowly turned on. If the two batteries have been pro- 
perly connected up, the addition of the galvanic current, 
even without reversals, increases the strength of the mus- 
cular contractions which are being produced by the slowly 
interrupted faradism, so that the contractions due to the 
faradism, which were 4)reviously only just visible, now in- 
crease in strength in proportion to the amount of galvanism 
turned on in addition. This increased irritability of the 
motor nerves is due to the electrotonic eJBfect of the gal- 
vanic current. From 3 to 5 ma. should be sufficient, and 
the direction of the current should be reversed mechanic- 
ally about once a second. 

This form of current is very convenient and useful to 
give in arm or leg baths, or with the electrodes strapped on 
to the limbs, and with a mechanical reverser, such as the 
metronome. The patient may be left with perfect safety for 
the required time of the treatment, without the slightest 
danger of electrolysis of the skin. If, however, the gal- 
vanic current is not reversed frequently, there is consider- 
able risk of burning the skin, and quite ugly sore places may 
be produced. The patient will complain of a feeling of 
sharp pain and burning, especially as the pad begins to 
dry, and electrolysis then commences to take place at the 
surface of the skin instead of in the moist substance of the 
pad. Kc-wetting the pad makes the contact with the skin 
better, and therefore allows of more current passing, yet 
it stops the feeling of burning, and the danger of electro- 
lysis of the skin is less. Whenever galvanism is being 
given continuously without reversab, a* I 

3 ma. or more, for five minutes or longer, | 
be taken in the adjustment of the pad to 
that it presses evenly over its whole cmtfM 
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metal of the pad, or the wire leading to it, is not anywhew 
in contect with the skin. It is a good plan, too, to take 
ofi the pads for re-wetting lialf-way through the treatmont. 

On the whole, not mufh benefit is to be looked for from 
electrical treatment in subacute and chronic poHomyelitia, 
whether the galvanic, faradic, or any other form of current 
be employed. The condition, is, however, so serious a dis- 
ability to the patient that electrical treatment ehould 
always be given a trial, in addition to any other therapeutJQ 
measures that may be thought necesaary, such as maesagei 
exerciaea, the administration of strychnine or other dru^' 

In subacute and even chronic muscular wasting apptiE* 
ently of spinal origin, between the ages of twenty-one and 
forty-five, it is a good rule to consider the possibility oj 
syphilis as a cause. Oummatous meningitis, or a gummtf 
damaging the spinal roots in the cervical region, may causQ 
rapid muscular wasting, with severe neuralgic pains, and 
perhaps weakness of the lower extremities and othex 
symptoms of a spastic paraplegia due to pressure on ths 
spinal cord. The same - process may aflect the lumbar 
region, but, more frequently, the syphilitic process i 
fests itself as a gummatous neuritis implicating the nervEtt ' 
of the lumbar and sacral plexus, causing pain in the lumbar' 
region which may be mistaken for lumbago, followed i^y^ 
wasting of the thigh or leg muscles, and variable degrees q£ 
ansesthesia. Biniodide of mercury in sufBcient doses i|| 
these cases will probably arrest the progress of the diseaaai 
and in the majority, unless the process has been allowed 
to progress too far, the muscles eventually will recontf 
completely. Their recovery may be hastened by emplc^t 
ing galvanism and farodism, preferably in the form of Qf^ 
combined current. Syphilis, it is true, may rarely origiiwtl 
a subacute or chronic form of anterior poliomyelitis ; 
thes'j unfortunate cases no improvement will follow ■ 
administration of mercury and iodide, and electrical t 
ment will also be of no avail. 
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ARTHRITIC ATROPHY 

Is a reflex muscular atrophy occurring in the muscles which 
are capable of moving a joint or limb that has either been 
injured, or has become diseased. It is more especially the 
abductors of the joints which atrophy most, such as the 
deltoid in cases of lesion of the shoulder joint, and the 
glutei for the hip joint. This form of muscular wasting is 
very usually, but erroneously, ascribed to disuse of the 
limb ; but it occurs too rapidly for this, and is often much 
more marked than disuse could possibly account for. Sher- 
rington has shown experimentally that division of the pos- 
terior roots supplying the neighbourhood of a joint, at the 
same time that the joint is injured, will prevent the onset 
of arthritic atrophy of the muscles that would occur if the 
posterior roots had been left uninjured. This means that 
arthritic atrophy is the result of a reflex process, whereby 
aJBferent impulses from the damaged limb or joint travel up 
to the spinal cord by the posterior roots, and there, by 
means of collaterals to the anterior horn cells, exert an in- 
fluence upon the nutrition of these cells, which leads to a 
certain degree of wasting of the muscles supplied by these 
cells. If the posterior roots have been destroyed previously 
to the joint lesion, then these muscles will not waste, owing 
to the absence of the inhibitory influence of the afferent 
impulses upon the trophic muscle centres in the anterior 
horns. Examples of arthritic atrophy are the wasting of 
the thigh muscles and glutei in hip-joint disease or fracture 
of the neck of the femur, wasting of the deltoid and spinati 
in osteo-arthritis or tubercle of the shoulder joint, and of 
the forearm muscles in osteo-arthrftis or tubeicle of the 
wrist. 

The faradic reactions in arthritio atnqplrr tte dimin- 
ished as compared with the sotuid side, p^ (ivhtly 
more sluggish. The galvanio xeaotioBP "^ 
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changes, the altered rcactlana to faradism and to galvanisitf! 
being precisely similar, thus differing from the reaction 
degeneration. There will be no tenderness of the muscl 
no fibrillary tremors nor aDEcsthesia; 

HEMIPLEGIA 

When of organic origin, hemiplegia is usually c 
panied by a certain degree of muscular wasting of the limbs 
on the paralysed side. In some cases the wasting is sq.' 
excessive as to suggest some additional neuritis or polio* 
myehtis, though the absence of any reaction of degenera 
tion will exclude this complication. The wasting is not dm 
to simple inaction of the paralysed limbs, since an equj^ 
degree of immobility may be present in functional hemi: 
plegia, in wliieh aueh wasting does not occur. The atrDphy 
of organic hemiplegia is in some way dependent on the leaioft; 
of the upper neurone so affecting the nutrition of t^ 
anterior horn cells in the spinal cord, which correspond to 
the damaged fibres of the pyramidal system above, that tliQ 
muscles supplied by these trophic centres rapidly waste,, 
pari passu with the appearance of spastic rigidity. ThiQ 
electrical reactions will become altered, sluggishness to 
both faradism and galvanism replacing the normal quiok- 
twitch of healthy muscle, and a stronger current will be 
required to elicit the contractions than on the sound sidet 
There is no RD, however, which is only found in leaionl 
of the lower neurone, either of the anterior horn cells .ffl 
of the nerves supplying the muscles. That is to say, thec^ 
is no disappearance of the furadic reactions with pieservi^ 
tion and hypcrexcitability of the contractions to galvi 
with polar change, ACOKCC. 

A similar condition of muscular wasting of the lowM 
extremities from an injury to the upper neurone is seen jgl 
cases of total transverse lesion of the spinal cord due eitlu 
to fracture, dislocation, or to myelitis. In these oaat 
rapid wasting of the muscles of the lower limbs ensues, wi^ 
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: flaccid paraplegia, absent knee-jerks, sphincter 
ralysis, total aneesthcsia, and perhaps faint, sluggish 
r plantar reflex. Extreme muscular wasting may 
, yet no RD is seen, the reactions both to faradism 
k&d to galvanism being rapidly lost. This wasting used 
be ascribed to a descending myehtia involving the lumbo- 
sacral region of the cord ; but this has been shown not to 
be the case, the anterior horn cells in such cases showing 
absolutely no changes. 

Now, in hemiplegias it is not at all infrequent for joint 
lesions to be developed, especially in the distal joints of the 
fingers ; though occasionally a large joint, aiich as the 
shoulder, may become extremely diaorganiaed by Charcot's 
joint disease. Joint lesions, therefore, in hemiplegia 
be an additional cause of the onset of muscular wasting. 
Sometinkes the periarticular adhesions in these cases cause 
such extreme pain on movement of the limb that no treat- 
ment by massage or electricity is feasible at first. RadianI 
heat baths may then be of service, and later, light massage. 
Afl«r this liaa been done for a week or two, electrical treat- 
ment by combined faradism and galvanism, as already 
described, may be advantageously added, and later still, 
when late rigidity is becoming manifest, the sinusoidal 
current will be of more service. A frequent question to 
arise is whether the periarticular adhesions limiting the 
movement of a joint shall be broken down forcibly and the 
joint moved under an antesthetic. Although this treat- 
ment may imdoubtedly be of the greatest service in the 
case of jointa fixed by local injury or disease, it is far less 
successful in the case of jointa whose fixity is the result of 
neuritis or of hemiplegia ; and, as a general rule, it will be 
far better to trust to long-continued massage and passive 
movements, with arthromotor exercises, than to break 
down the adhesions forcibly. Usually, if this ia done, 
there is considerable swelling and local reaction, with i 
tenderness, preventing all movement for some litt 
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and the adliesiona very rapidly form again as densely as 
before. 



Thia is aji extremely common disease, but the term IS' 
one wbioh has been very loosely used, especially by tlkt 
laity, for all aorta and conditions of muscular weaknesa and 
wasting, parEestheaia, and even neuraathenia, that it will 
be adviaable, first, to claasify briefly what ia meant by 
neuritia. The term aignifiea " inflammation of 
nerves," and the process may be either acute, subacute, ot 
chronic. At the same time, the cauae of the 
flammation may be local, such as the preaaure of a crutolt 
on the muaculo-spiral nerve, or the exciting cauae of thl^ 
discaac may be a toxin acting through the circulation^ 
symmetrically on both aidea of the body alike, such 
alcoholic or diphtheritic neuritis. 

Common examplea of local neiiritlB are facial palsryi 
aciatica, brachial neuritis, and injuries to the nerves ot t^ 
upper limb or brachial plexus, due to pressure, direct vior 
lence, etc. Numerous cases of local neuritis are those duv 
to gout or rheumatism ; while rarer forma are tubercular 
leprosy and ascending or migratory neui'itia. Syphilis ia a 
uncommon cauae of local neuritis of the cranial nervea, dtW 
to their implication in a giunmatous meningitis, an'' '■'"^" 
lumbar or sacral plexus sometimes suifera aimilarly. 

Toxic, multiple, or peripheral neuritis ia common]^ 
protluced by long-continued overdoses of alcohol, lead, 
arsenic ; by diabetes, diphtheria, or aepticasmia. Bet^ 
beri in the East is a well-known variety, the poison wiati 
acta up the diaeaae being probably due to an infection ' 
a bacillua or other form of micro-organiam. The 
by which it gains admittance ia not known, but two 
which have long been held of the etiology of the diaeafl 
ascribe it either to the rice used as food, 
for diet. Both tubercle and iheumatism are 
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causes of multiple neuritis, though more commonly these 
causes act locally. 

FACIAL PARALYSIS 
Facial paralysis is most commonly due to one of two 
causes : (a) chill to the side of the face from exposuie to 
a draught, often during sleep ; this type is sometimes 
called rheumatic, though there is little or no evidence to 
show that rheumatism plays any part in its production. 
(6) Middle-ear disease. 

(rt) Facial palay, due to chill, may come on within a 
few minutes of the exposure to cold, or it may be noticed 
on waking up in the morning or especially after sleeping 
out in the open. Probably the old superstition, that fall- 
ing asleep with the moonlight shining on the face produced 
drawing over of the face, is connected with the observed 
fact that exposure of the face when asleep at night is oft«n 
followed by facial paralysis. The condition of the nerve has 
been stated to be one of degenerative neuritis, most intense 
at the outer end of the Fallopian canal, and in the peripheral 
fibres ; Dot an interstitial neuritis, as might be expected. 
Facial paralysis due to chill is not very unfreqnently accom- 
panied by some anesthesia to light touches of the cheek and 
forehead, due to the synchronous involvement of tlie terminal 
exposed branches of the fifth nerve. The muscular palsy 
ia complete at first, in all except the slighter cases, and 
involves the upper and lower muscles equally, notably 
the frontalis and the orbicularis oris, which escape in 
the supranuclear type of facial paralysis met with in 
hemiplegia. 

The face is thus drawn over to the sound side, the angle 
of the mouth and the philtrum being displaced by the tonic 
contraction of the sound muscles. The forehead is smooth 
on the paralysed side, and all the wrinkles are diminished 
tt prominence. Tears overflow down tb 'it 

1 the paralysis of the orbicularis p t 
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the punctum of the lower lid to fall away from the gIob»' 
while food coJlectB in the cheek, and the cheek hangs a, 
little and Saps in talking, and the lips cannot giaap the cap 
in drinking, and saliva is apt to dribhle out of that comer 
of the mouth. Owing to the paralyaia of the atapediuB 
muHcle, which is supplied from the seventh nerve, hypera- 
cusis may be noticed as a symptom. Loss or diminution 
of taste, too, is commonly present on the anterior two- 
thirds of the tongue on the affected side, owing to the in- 
volvement of the chorda tympani fibres which run with th8' 
motor fibres of the facial in the Fallopian canal as far as: 
the geniculate ganglion, whence they diverge into the paid' 
intermedia Wrisbergi, This loss of taste is usually present 
in the so-called rheumatic facial palsy, as well as in those 
cases due to involvement of the nerve from middle-ear 
disease. In a few instances, however, of rheumatic facial 
palsy, the taste fibres appear to escape entirely, perhaps 
owing to the facial nerve being damaged outside its exit 
from the stylo-mastoid foramen. A certain amount ol 
aching pain, usually referred behind the ear, is very com- 
monly present for a few days aft«t the onset of theomatie. 
facial palsy, a symptom which may lead to a mistaken 
diagnosis of middle-ear disease. The amount of th/e 
facial deformity is no criterion of the severity of 
neuritis, for the face is oft«D pulled over as much at first iif 
the slight cases which may be perfectly well in a month, 
in those which take many months before much impiove*: 
ment is noticeable. 

The electrical reactions will vary according to tiiftj 
severity of the damage to the nerve. In the slightest 
such as those which occasionally develop within twenty^^ 
four hours of on operation on the mastoid for middle-ear; 
disease, the full reaction of degeneration is not met with. 
There will be no prehminary stage of hyperexcitabilJty of, 
the netve to faradism, and the faradic reactions will never 
be entirely lost, only diminished ; while the galvanic ra^ 
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actions will show only a trace of hypeiexcitability, and the 
kathodal closuie reactions will always be the stronger, 
though they will be a little more sluggish and prolonged 
than the normal. Sometimes this sluggishness of closure 
contraction will be more pronounced to the anode than 
to the kathode. In these cases, although voluntary power 
over the &cial muscles is completely lost at first, and the 
mouth is drawn over to the other side, the tonic 
contraction of the paralysed muscles returns very quickly, 
so that even on the next day it may be noticed that there 
is less deformity, and in a few days scarcely any difference 
may be seen between the two sides when the face is at rest, 
although the weakness will appear in acts such as showing 
the teeth or smiling. By the end of a month there may be 
no difference detectable even on movement. 

It is such cases as this, subsequent either to middle- 
ear, disease or to chill, which make it difficult to believe 
that a degenerative neuritis is present in all such cases of 
f&cisA paralysis, as has been described in a few of the &tal 
cases. If such were so, it is inconceivable how perfect 
recovery of function could possibly take place in a month ; 
while if the lesion is a perineuritis, as is found in 
ear disease, causing paralysis by pressure on the nerve 
fibres contained within the nerve sheath, it would be quite 
easy to understand how the absorption of the perineuritic 
or interstitial inflammation of the nerve sheath would set 
free the fibres from pressure, so that recovery of func- 
tion might take place completely within a very few weeks. 
On the other hand, if the lesion were a degenerative neuritis, 
months would have to elapse before recovery of function 
could commence, judging by what we know from analogy 
of the regeneration of other motor nerves, in which five to 
six months may be taken as a fair average. 

The more severe cases of &cial paralysis require 
three to six months for recovery, and in a large ntu 
them motor recovery is not perfect, although the 
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may recover sufficient tonic contraction to bring the faoS' 
perfectly straiglit again, and so hide all the deformity.- 
In the moat severe eaaes, in which the nerve has been com- 
pietely destroyed, as by accidental division in a mastoid 
operation, the deformity remains permanent, and no tonio 
contraction of the muscles takes place. Such pennaneot 
and complete facial paralysis is fortunately not very; 
common ; even in severe casea sufficient power of conduce 
tion along the nerve usually returns to allow of reappeal 
anee of tonic contraction of the paralysed muscles, thu* 
pulling the face straight again, and obliterating the 
deformity, after six months or more, although 
the same time no voluntary power whatever over 
muscles may be regained. In the more severe cases 
this tonio contracture becomes overdone, and the face 
will be drawn over too much, so that at rest the 
of the mouth may be drawn over to the paralysed side, 
the naso-Iabial fold will be deeper, and the palpebral 
partially closed, so that the paralysed side may be mia*' 
taken for the sound aide, and viee rersA. 

It is often impossible to say in the early stages whether- 
the case is one of complete and permanent paralysis, in 
which the nerve fibres are entirely destroyed, or whether 
a fair degree of recovery may take place. The first sign of 
commencing recovery will be the return of tonic contraction 
of the muscles, so that the mouth is less drawn over, and 
the deformity appears less. This tonic contraction 
appears before there is any return of voluntary pow«e 
over the muscles ; and, as I liave said, in severe cases tbk^ 
tonic contraction may bring the face quite straight agam^, 
though no voluntary power, or scarcely any, is ever ra-, 
gained. In the severe cases, after the lapse of a week tOr 
ten days, the fully -developed type of reaction of degeneca*' 
tion will be seen on electrical testing of the muscles. Thftf 
is to say, there will be no muscular contraction produced 
stimulating the facial nerve, either at the stylo-maafc 



FACIAL PARALYSIS 157 

foramen or in front of the ear, with either the faradic or the 
galvanic current. Faradism similarly will provoke no con- 
traction when applied directly over the muscles ; while 
there will be hyperexcitability and sluggish contractions 
to galvanism, the muscles giving definite contractions with 
a current of I ma. or less, with the polar change ACC > 
KCC. 

(6) Facial paralysis is by no means an uncommon com- 
plication of suppurative middle-ear disease, and it 
may occur in various ways. When facial palsy occurs 
spontaneously during the course of a chronic .otitis media, 
it is due to a spread of the inflammation to the sheath 
of the nerve, which has become exposed owing to the 
advancing caries in the petrous portion of the temporal bone. 
This form of facial palsy always occurs during an exacer- 
bation of the middle-ear suppuration, and it is always a 
very severe form of paralysis, little or no recovery occur- 
ring. There is generally considerable pain in and behind 
the car at the time of its onset ; but this is due to the cai 
disease, and not, as in the rheumatic form, to a synchron- 
ous neuritis of exposed portions of the fifth nerve and the 
cervical plexus. 

A common cause of facial paralysis is an operation 
OU tlie mastoid for the chronic suppurative middle- 
ear disease ; and this form of palsy may be of the most 
severe type, or it may bo slight and transient. The most 
complete and permanent type is due to actual injury to, 
or division of the nerve at the time of the operation ; and 
it will be recognised by marked twitching of the facial 
muscles at the time of the injury, which is immediately 
followed by complete paralysis of that side of the face. 
There will be found, on t^-ating, complete loss of tttst* on the 
anterior two-thirds of the tongue on that side. This is now 
e event in surgery, owing to the frequency with which 
; operation is practised, and the consequent impn 
mt in technique. A ecveie type of facial paralj^ 
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alao very liable to follow mastoid operations in whicli a 
heavy mallet ia used. Although the nerve may not be 
actually touched by the chisel, yet it may suffer from the 
shock of the blows, which causes htemoirhage into the 
sheath of the nerve in the Fallopian canal, thuB com- 
pressing the nerve. 

Perhaps the commonest form of facial paralysis follow- 
ing mastoid operations is that which ensues some hours, 
or even a whole day, after the completion of the operation. 
It is obvious that this cannot be due to any injury or co 
pressiou of the nerve occurring at the time of the operatio 
but it ia iippatently due to an inflammatory neuritis of the 
nerve sheath, possibly somctimea from the action of anti- 
septics used to syringe out the cavity, or sometimes, per- 
haps, from slow oozing of blood into the Fallopian canal 
compressing the nerve. This form of paralysis is the least 
severe, and is sometimes quite transient, recovery following 
within two or three weeks, with little alteration of the 
electrical reactions being noticed. Some cases, on the othei 
liand, which develop several hours to a day after the opera- 
tion, are more severe, and take some months before the 
face is practically straight, and even then the recovery is 
more apparent, owing to the tonic contracture, than a real 
return of voluntary power. 

Facial paralysis sometimes occurs as an event . 
multiple neuritis, due eitjier to diphtheria or to alcoholic 
poisoning. Most commonly, when it occurs thus as a symp- 
tom in toxic neuritis, the paralysis is unilateral, though 
occasionally it is bilateral. Damage may occur to the nerve 
from htemorrhage in the Fallopian canal or at the base of 
the brain, or the nerve may be pressed on by tumours in 
the posterior fossa, such as cerebellar or pontine, or even 
a tumour growing from a nerve sheath, or the nerve may be 
inkpticat^d in an acute or chronic meningitis, due to tuberole 
^Byphilis. It is occasionally pressed on by Ute 
of the &)icepB during delivery by instruments, tlw' 
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fskce thiis appearing paralysed from birth. In these cases 
it is often the upper muscles only which suffer ; namely, the 
frontalis, corrugator, and orbicularis palpebrarum. 

Intracranial lesions not unfrequently cause &,cial 
paralysis. This may . be due to the involvement of the 
nerve in the inflammatory exudate of a meningitis, such 
as tubercular or syphilitic, or posterior basic ; or it may be 
due to pressure from a haemorrhage from fractured base, or 
direct compression of a tumour in the posterior fossa, 
whether cerebellar, pontine, etc. Indirect pressure from 
tumours of the cerebral hemisphere, especially of the occi- 
pital lobe, occasionally damages the facial nerve. 

There is also a form of symmetrical neuritis of the intra- 
cranial portions of the two facial nerves, due to syphilis 
in the secondary stage, that occasionally produces double 
fiBU/ial paralysis. When this occurs, it is nearly always 
accompanied by double nerve deafness due to sjrnchronous 
involvement of the two auditory nerves, causing absolute 
and bilateral deafness. Double facial paralysis may 
easily be overlooked, owing to the lack of any deformity of 
the face. It will be recognised by the absence of facial 
expression in speaking, the cheeks flapping slightly, and 
the eyelids never closing, the eyes instead rolling up so as 
to show the white sclerotics. Testing the facial movements 
will at once demonstrate the paralysis, total inability to 
move any of the muscles being then apparent. When this 
syndrome of double facial paralysis and double nerve deaf- 
ness is met with, it is a sure evidence in almost every case 
of syphilis, though I have once seen a case of cerebral 
tumour in the posterior fossa in which this combination of 
symptoms was present in addition to other cranial nerve 
paralyses. Double facial paralysis without deafness also 
occurs rarely in alcoholic neuritis, diphtheria, or from rheu- 
matism. It is, of course, possible that it may occur from 
bilateral middle-ear disease, though I have never met such 
a case. Intracranial lesioD3 of' tiie i %tG noti 
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accompanied by loss of taste, owing to the separation of 
the chorda tympani taste fibres from the facial nerve at 
the geniculate ganglion. The type of muscular paralysis 
will be of the infranuclear t3rpe, just as in those cases due 
to rheumatism or middle- ear disease. 

Nuclear paralysis of the facial nerve may occur from 
polioencephalitis inferior, an acute inflanmiatory lesion 
of the pons of the same nature as acute infantile paralysis. 
When it occurs, it will cause paralysis of the whole of the 
face, upper as well as lower. Haemorrhages or softening at 
the lower part of the pons, and tumours of this region, may 
also implicate the facial nucleus on one or both sides. 
Nuclear palsy will be distinguished from a lesion of the 
nerve outside the pons by the probable presence of hemi- 
plegia and perhaps hemiansesthesia on the opposite side, 
and by simultaneous paralysis of the sixth nerve nucleus 
on the same side, causing paralysis of the conjugate move- 
ment of both eyes to the same side. It has often been 
asserted that some of the facial muscles, the frontalis and 
orbicularis palpebrarum, have their nuclear origin from 
the lower portion of the third nucleus, and not from the 
facial nucleus, the fibres thence passing down the posterior 
longitudinal bundles to join the facial nerves on their exit. 
The orbicularis oris was also similarly asserted to be inner- 
vated not from the facial nucleus, but from the region of 
the hypoglossal nucleus. More recent researches, and 
especially experimental work, have, however, disproved 
these assertions. 

Treatment of facial paralysis.— The common type 

of " rheumatic " facial palsy is best treated for the first 
week by fomentations to the side of the face, and keeping 
indoors with avoidance of all exposure of the face to cold 
or draught. At the same time, galvanism should be com- 
menced, although there is not any reaction of degenera- 
tion present yet. In addition to the fomentations, it is. a 
uaefid plan to blister the skin behind the ear. The gal- 
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vaniam should be applied by means of two small electrodes, 
one circular of 1^-inches dittmeter held close underneath 
the ear, the other J inch wide and 2 inches long. This 
latter is the treatment electrode, and should lie stroked 
over the face, across the foKhead, round the eye, and 
down the cheek along the direction of the fibres o£ the 
zygomatic] muscles, and then around the mouth on that 
side. The anode must he used for the treatment electrode, 
on account of the great sensitiveness of the sldn of the 
face. The anode is less painful than the kathode, and the 
amount of current necessary for the treatment can thus 
be better borne. Prom 3 to 5 ma. should be employed 
daily, for about fifteen minutea, or, better stiil, ten minutes 
on rising in the morning, and again on going to bed at night. 
Care must W taken that there are no cuts or sore places 
on the skin to be treated, on account of the great pain the 
current produces when it touches a raw surface ; and for 
this reason it ia advisable for a male patient that the treat- 
ment should be given before shaving rather than after. 
The most sensitive place on the sldn of the face is the 
upper eyelid and above the eyebrow, but 4 to 5 ma. can 
be usually borne from the anode fairly comfortably. The 
facial muscles, being really differentiated platysma slips, 
are very superficial, and for that reason react to smaller 
currents than are necessary to stimulate the limb muscles. 
In many cases, after the first ten days, when the reaction 
of degeneration is well developed, the hyperexcitabiUty 
of the paralysed muscles to galvanism is so great that they 
will react to as small a current as i ma. Another pecu- 
liarity of the facial muscles is that they retain their hyper- 
exeitabihty to galvanism much longer than the limb 
muscles, some hyperexcitability and polar change bemg 
often noticeable twelve months or more after the onset 
of the paralysis; 

The treatment by galvanism should be persisted in until 
the face has become straight again, when it should be left 
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off, in case the tonic contracture that is then occurring 
should hecome too marked and ao draw the mouth over 
to the paralysed side. Thia excessive tonic contracture 
thus spoils the cosmetic effect which a moderate degree 
of contracture performs most usefully. After the galvaaiBm 
is stopped, and indeed for some time previnualy, as soon as 
any signs of commencing contracture have become appar- 
ent it is a useful plan for facia! massage to be giveri 
daily after the apphcation of the battery treatment. 
The patient may very often do this efficiently him- 
self, being taught to rub with the tips of the fingers 
along the nygornatici and around the orbiculares and 
over the frontalis. I usually tell the patiente to do this 
two or three times a day when they have a spare five 
minutes. 

Facial Spasm. — Massage to the face is indicated if 
there are signs of the contracture becoming excessive, and if, 
in addition to the contracture, there is any clonic facial 
spasm developed. This is a most distressing and troublesome 
symptom, and is met with only in those cases of severe 
facial paralysis Jn whiclk the resultant contracture has 
become excessive. Facial massage is the only treatment, 
any form of electrical treatment being contra -indicated, as 
it is liable to increase the spasm. Faradism is especially 
harmful in this respect ; and, indeed, the faradic current 
should never be used at all for facial paralysis under any 
circumstances. This form of facial spasm does not con- 
sist of clonic convulsion of the whole side of the face, but 
rather of isolated twitohings and fibrillary coiitractiona of 
various facial musclea. It is when the orbicularis palpe- 
brarum is thus affected that the symptom becomes particu- 
larly distressing to the patient. Stretching the nerve has 
been performed tor its relief ; this has the temporary 
effect of reproducing the facial paralysis, but the spasms 
ate liable to return unless — which is not impossible — the 
/acial paralysis on this occasion remains permanent, This 
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form of* clonic f&cisA spasm must be distinguished from the 
clonic fibrillary contractions which occasionally take place 
in the orbicularis palpebrarum of healthy persons — "live 
blood," as it is called. This can be often arrested at once 
by gentle faradism to the muscle for five minutes. Facial 
spasm due to irritation of the nerve from the pressure of 
a cerebral or cerebellar tumour, or a patch of softening in 
the neighbourhood of the &cial centre, might also be mis- 
taken for the form subsequent to facial paralysis and 
accompanying the late contracture, unless the history of 
the case is carefully gone into. 

Facial paralysis due to a supranuclear lesion involving 
the pyramidal fibres in the pons, cms, internal capsule, or 
the cortical centre for the face in the ascending frontal 
convolution, must be distinguished from nuclear or infra- 
nuclear lesions, and it does not require any electrical treat- 
ment. In the supranuclear type of palsy, the whole face 
is not equally paralysed, the muscles which are bilaterally 
associated escaping — ^namely, the frontales, corrugators, 
orbiculares oris, and, to a less degree, the orbiculares palpe- 
brarum. The weakness, too, is usually more evident on 
voluntary movement than on emotional movement of the 
face ; thus showing the gums will bring out the weakness 
more than an emotional smile. 

Occasionally this sign is reversed, and when such is the 
case it has been said to indicate a lesion in the basal ganglia ; 
but this is not constant. A certain number of cases of 
complete facial paralysis, usually secondary to middle- 
ear disease, in which no recovery has taken place after 
many months, have been treated by nerve -grafting, the 
facial nerve being divided close to the angle of the 
jaw an(f the peripheral portion sutured into a slit 
made in the sheath of either the hypoglossal or the spinal 
accessory nerve. A certain number of partial recoveries 
have been recorded, but others have been made worse 
{see pp. 216, 218). 
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Sciatica, or sciatic neuritis, is often meet succeasfully 
relieved by treatment with the constant current. Sciatica 
commences as a perineuritis of the sciatic nerve, dne oft^i 
to a spread of inflanunatiou to the nerve sheath from a 
lumbago, or rheumatic fibrositis. It is a common symptom 
in the gouty or rheumatic state, and it is not unfrequentJy 
acquii«d directly from sitting on a cold, wet seat. Influensa, 
typhoid, and sometimes other fevers may leave sciatica 
as a sequel. Direct injury to the nerve from a penetrating 
wound is a less common cause. 

To be distinguished from sciatic neuritis is sciatic nen- 
ralgia, which ia a referred pain felt along the course of the 
sciatic, sometimes for months after the true inflammatory 
condition of the nerve or antecedent sciatica has passed 
away. This type of pain may persist in apite of constant 
rest in bed for many weeks, and although there may be tender 
spots on pressure along the course of the nerve, there will 
be no true pain produced by extension of the nerve in the 
act of flexing the thigh with the knee straight. This &»m 
of sciatic nenralgia is not common, but it reacts very quickly 
to strong galvanism, and I have known such a case which, 
had lasted for eight months after enteric fever, in spite of two 
months' rest in bed, improve at once with strong galvanism 
along l^e course of the nerve, and after a fortnight's daihf 
treatment the pain had entirely disappeared. 

Tabetic pains in the thighs and legs may be mistaken 
for sciatica, though their sudden darting character and 
symmetry in both limits should suffice to distinguish themi 
Similarly the pains of peripheral neuritis, due to alcohol, 
diabetes, diphtheria, arsenic, etc., may be mistaken for 
sciatica. InSammatory growths or timiours in the pelvis 
may involve the sacra) plexus, and thus cause pains re- 
sembling sciatica ; but usually the extent of the ana^stltesia . 
and muscular wasting and weakness will distinguish iheni! 
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from an ordinary aoiatio neuritis. Tumours or pachy- 
meniagitis in the spinal canal may also simulate sciatica. 
The pain of sciatica ia very variable in its occurrence. 
Sometimes it is worst on exertion ; but, more commonly, 
it comes on worse when sitting, or especially when lying 
in bed at night, oton waking the patient up in the early 
hours of tJie morning. With some, even violent exertion 
may cause no pain, although at night it may be severe. 
Bxtfinaion of the nerve with the hip flexed and tlie knee 
kept straight will cause pain at the back of the thigh and 
buttock, and the pain is oft«n referred to the back of the 
knee, or the ankle. Tender spots may be found on direct 
presaure over the nerve in the middle of the buttock, or in 
the region of the posterior superior iliac spine, Harely will 
there be any anieathesia of the leg or muscular wasting, 
though in chronic severe caacs these additional signs of 
neuritis may be present. In the early days of a sciatica 
there may be an increase of the Achilles jerk, while later it 
may benome diminished, or even lost. The knee jerk of 
course will not be affected by sciatica. Hip-joint disease, 
especially the chronic rheumatic arthritis of old people, 
may cause pain simulatmg a sciatica ; and it is said that 
the rheumatic inflammation may even spread from the 
joint to involve the nerve sheath. Undoubtedly it is not 
uncommon to find the two conditions of sciatica and chronio 
rheumatic arthritis co-existing in the same patient. 

TreatmeDt, — In the early stages of sciatica continued 
rest in bed is essential, as by that means only can the in- 
flamed nerve be kept at rest. The patient should, more- 
over, be encouraged to keep the limb as straight as possible 
in bed, as every time the thigh is flexed tension is put 
upon the nerve. In order to keep the limb rigidly at rest, 
some recommend a Listen's long aide splint to be applied ; 
but this is usually intolerable to patients with sciatica, and 
it is better avoided. However, patients with sciatica s 
ways find it extremely irksome to remain in the i 
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pOBitiDa fai long, especially if, as sometimes happens, the 
sciatica has been bilateral. For this reason, a water bed 
will be found exceedingly useful in the treatment of sciatica, 
as it enables the patient to lie comparatively easily, and ha 
will be less likely to be kept awake by pain. So long as there 
is any pain at night, and the patient is thus prevented from 
steeping, a morphia suppository of half a grain in oil of 
theobromine should be applied the last thing before "lighta 
out." This method of administering morphia is preferable 
to hypodermic injection in sciatica, and there will be leaa 
risk of setting up the morphia habit in patients of unstable 
will-power, as it will bo much more easy, if necessary, to 
disguise the fact that morphia is being used at all, to omit 
all mention of the word, and speak of theobromine sup- 
positories only. 

The most effective means we have for controlling the 
severity of the pain in sciatica, and tor arresting the progreas 
of the inflammation of the nerve sheath, is the application 
of galvanism to the thigh and leg. It must, however, be 
carefully applied, and the battery must be in good condition 
and of ample strength. If the following directions are 
carefully carried out, early disappearanoe of the pain is to 
be looked for. The current is to be applied while the 
patient lies in bed, and two flat plat* electrodes of thin lead 
sheet, covered in front with flannel, with a mackintosh 
backing, must be used. One should be about 7 inches by 4 
inches, the other much larger, I 'i inches by H inches. They must 
be thoroughly wetted, and the smaller electrode, after being^ 
attached to a wire, is to be placed along the middle of 
buttock on the affected side, so that the patient may lia- 
directly upon it. Beneath the electrode must be placed %■• 
folded towel to prevent the bed from being wettfld. Thar 
large electrode is to be folded lengthways around the lowtf ' 
part of the leg and ankle, and in order to make it fit tlie 1 
comfortably and keep in good electrical contact, a piece 
gamgee tissue or thick layer of cotton wool must be 
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rather largp.r thin the electrode and thoroughSy wetted 
and placed inside it next the aldn, the electrode then heing 
moulded around the gamgee tisane ao as to fit as cloae aa 
possible. A folded towel or mackintosh must also be 
pkced under the leg to prevent the bed being wetted. The 
wire attached to the electrode at the buttock is to be fi.x:ed 
to the anode binding-screw of the battery ; while the leg 
electrode ia to be attached to the kathode. The current 
must now be turned on slowly, cell by cell, until from 15 
to 20 ma. is registered by the galvanometer, for which 
strength twenty to twenty-five wet cells will be required, 
or eighteen to twenty-three dry cells if they are new. This 
current is to he maintained for five minutes, and then 
gradually inoreaaed by turning on more cells until 25 
to 30 ma. are registered ; the current being main- 
tained at this level for another fifteen minutes. Thja 
treatment should be given twice a day, or even oftener in 
severe cases if the pain recurs. When the electrodes have 
been properly coupled up to the battery, they need not 
be taken oft, and the only switch to be moved is the current 
collector ; an intelligent nurse can easily be instructed 
to apply the electrodes and to turn on a given number of 
cells, and then to turn ofi the current after a stated in- 
terval. After the first application, the morning and even- 
ing treatmente should be lengthened to half an hour. 

Using an electrode of 7 inches by 4 inches tor the buttock, 
having a surface area of 2H inches, a current of -'JO ma. will 
have a density of only just over I ma. per square inch, which 
ia well within the maximum of IJ ma. per square inch that 
ia safe for the skin for continuous application with ordinary 
covered electrodes. Even a current of 30 ma, cauaes a 
strong stinging sensation which is about as much aa the 
patient can bear for the first ten minutes, but after that 
the sensation may and usually does get much less, although 
the galvanometer marks as ationg a current. If the cella 
1 good condition, it will be found that the 
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current shown by tlie galvanometer increases after the 
first two or three minutes, owing to the more thorough 
wetting of the skin and consequent diminution of the resist- 
ance of the circuit. With thoroughly wetted pads, especi- 
ally if some saline or soda is used for diminishing the resist- 
ance on the pad, the patient's resistance can be brought as 
low as 2,000 ohms, or even 1,700 ohms. Usually, unless 
special care is taken to reduce the resistance of the skin, the 
patient's resistance between two ordinary covered elec- 
trodes applied to the skin may be taken roughly as about 
3,000 ohms. 

In the treatment of sciatica, as described above, I have 
said that the anode should be applied to the buttock. Thia 
is for the reason that the anode is somewhat the more 
sedative of the two electrodes, and causes less painfnl sen- 
sation to the skin than the kathode. It is not, however, of 
great importance whether the anode or kathode be applied 
to the buttock, and the reason for this appears to be as 
follows. With the two electrodes applied to the buttock 
and leg as above described, the efiect on the sciatic nerve 
is not the same as if two electrodes were applied to an iso- 
lated nerve, when the current would flow along the nerve 
from the anode to the kathode. In our patient's case the 
nerve is lying inside the limb at some little distance from 
the electrodes, and is surrounded by other tissues of equally 
good conductivity ; thus it comes about that only a 
small fraction of the current passes along the nerve itaelf, 
the remainder passing down the limb through the muscles, 
blood, lymph, etc. In the neighbourhood of the two elec> 
trodes, the lines of force of the electric current radiate in 
all directions into the limb ; thus from the buttock elec- 
trode some of the lines of force strike the sciatic nerve in 
an upward direction, and others strike it in a downwaid 
direction. Hence there will be a bipolar efiect upon t4.e 
sciatic nerve whether the electrode used at the buttock'is 
the anode or the kathode. [See p. 125.) 
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Ijately in the treatment of acute sciatica I have been 
applying the principle of cataphoresis, using salicylate of 
soda on the buttock electrode. After thoroughly wetting 
the electrode, powdered salicylate of soda is dusted on the 
wet surface, using about 1^ drachms of the powder, and the 
electrode is then placed in position in the usual way. The 
powdered salicylate is preferable to the flaky crystalline 
form, as the latter causes more painful stinging for a minute 
or two when the current is turned on until the crystals are 
dissolved on the wet pad. When salicylate of soda is thus 
used for cataphoresis, the active electrode must be the 
negative or kathode, since it is the ions of the acid salicyl 
radicle of the salt that it is required to force into the tissues 
by means of the electric current. It is to be remembered 
that acids are attracted to the positive pole, and alkalies 
to the negative pole ; therefore, if salicylate of soda be 
placed on the negative pole the acid salicyl ions will enter 
the tissues in the reverse direction to the general flow of the 
current on their way to the positive electrode, while the 
alkaline soda ions will remain on the kathode pad. Thus, 
when cataphoresis with salicylate of soda is used in the 
treatment of sciatica, the negative electrode must be placed 
on the buttock, though, with the exception of the reversal 
of the poles, the general directions for the application of 
the treatment will remain the same. 

A point that requires attention is the form of the screw 
attachment for the wire to the electrode. This should be 
as low and flat as possible, otherwise the weight of the 
patient resting upon the electrode makes the screw press 
that portion of the electrode unduly upon the skin, and 
tends to produce a sore. The wire leading from the elec- 
trode to the battery must be carefully prevented from touch- 
ing the skin of the patient, if it is covered with cotton, or 
even silk, as it is so likely to get wet, and if pressed agt^ 
the skin is sure to produce a sore place. Great cater 
must be taken with the covering of the electrode i 
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as aftfr repeated usin{» the flannel is very upt to shrink 
away from the metal edge, which may then touch the akin 
and produce an ulcerated wound. The switch must be 
turned on gradually without producing any breaks of the 
current, or eise the patient will get strong; and very un- 
pleasant shocks, and when the required volume of current 
is obtained the battery should be left untouched until the 
treatment is ended. For this reason, batteriea with a 
current collector are preferable to the more simple form of 
batteries known as " Patienta' " or " Nurses' " batteries, in 
which the electrode wires are inserted into the side of the 
battery — a very insecure fastening, as they are bable to 
drop out, and when heavy currents are being used as. 
described in the treatment of sciatica, very unpleasant 
shocks may be given to the patient. 

When the time for application of the current has 
elapsed, the current must not be switched off suddenly, but 
the collector handle should be turned back slowly to zero 
before the wires are unfastened. Sometimes the collect- 
ing switch does not work smoothly and evenly over the 
studs, and in this case the current will be interrupted sud- 
denly and shocks will result. If this is found to be the 
case with the particular battery employed, it will be beet 
to turn on the required number of cells first, and then after 
applying the electrode at the buttock, to gradually apply 
the electrode at the leg ; similarly, when ceasing the treat- 
ment the lower electrode is to be bent flsjt and the leg 
gradually lifted out of it. By this method the resistance 18 , 
gradually diminished or increased respectively, so that titftj 
current is applied or withdrawn without any notice&ble^ 
shock. 

As a rule, improvement is immediate in cases of acute 
sciatica treated by this method, the discomfort of lying 
for more than a few minutes in any one position passes oft, and 
especially, the patient will be able to lie upon eithei side. 
After the inflammatory stage of the neuritis has subsided,. 
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and the pain that remains is mainly neuralgic, then massage 
to the limb with extensive passive movements of all the 
joints is of the greatest service in completing the cure. 
These passive movements prevent the formation of adhe- 
sions around the sheath of the nerve, which, if treatment 
is delayed, drag on the nerve with every movement, and keep 
up constant neuralgic pain for months or years after the 
inflammation has entirely subsided. In severe cases, the 
fibrous adhesions and fibrous tissue in the sheath of the 
nerve compress the nerve fibres and cause muscular wasting 
and anaesthesia in addition to the chronic pain, and opera- 
tion has frequently been successful in relieving this con- 
dition by incising the nerve bundles longitudinally and 
separating the fibrous tissue. 

On the other hand, in the early stages of sciatica it is a 
great mistake to order massage, as then it invariably in- 
creases the pain, as is indeed only to be expected when we 
consider what must be the result of forcible traction and 
pressure upon an inflamed nerve. It is, therefore, a some- 
what delicate and important point to decide at what precise 
moment it will be safe to order massage and passive move- 
ments, as if it is given too soon the patient is thrown back, 
and if it is delayed too long convalescence may be unduly 
protracted. The physician must judge by the following 
points : if the constant pain and discomfort while lying for 
more than two or three minutes in any one position in bed 
has passed ofl, and the patient can lie on his side and 
flex the thigh in bed without producing pain ; if pressure 
upon the course of the nerve in the buttock and upper 
part of the thigh does not evoke tenderness ; and if it does 
not produce pain to lift the heel up 18 inches from the 
bed, keeping the knee straight, then it may be considered 
safe to commence massage and passive movements. The 
movements should be free and extensive, being gradually 
increased in force after the first day, and should be re- 
peated daily. There is often some pain and stifineaa \^vi* 
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duced after the first time, and it will be a good plan to give 
the galvanism after the massage in order to relieve any 
pain produced by it. 

In some cases radiant heat baths may be used with 
advantage alternately with the galvanism or massage. 
The application of blisters down the thigh along the course 
of the sciatic nerve is also a common treatment, but I 
have no faith in it and never use it. Nerve-stretching 
and acupuncture are methods that have been advocated; 
but personally I strongly disapprove of both. Medicinal 
treatment by aspirin at first, followed by iodide of potassium, 
should be persevered with for a fortnight at the commence- 
ment of the attack ; while convalescence may be completed by 
a course of baths at Droitwich, Bath, Buxton, or Harrogate. 

To sum up, the treatment of an acute sciatica should 
consist of absolute rest on a water bed, with daily, or twice 
daily, careful application of a strong galvanic current — 
especially cataphoresis with salicylate of soda, as described 
on p. 169 ; aspirin by the mouth, followed by iodide of potas- 
sium, and later, massage and passive movements to prevent 
adhesions and to break down those in process of formation. 
Radiant heat baths, with a strong arc light turned on the 
lower part of the back, are also very useful when the acute 
stage has passed and the patient is able to get about, but 
has not completely lost the pain. The full galvanic or 
hydro-electric bath may now be taken instead of the gal- 
vanism to the thigh, as described above. 

I may mention here that the Schnee or four-cell electric 
bath is absolutely useless in the treatment of sciatica ; and 
as sometimes given in hydropathic establishments, with a 
current of 3 or 4 ma., only brings galvanic treatment into 
disrepute. 

BRACHIAL NEURITIS 

Brachial neuritis is the term applied to an inflammation 
of the various cords of the brachial plexus above the points 
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of emergence from the plexus of the main nerves to the hinb, 
the circumflex, musculo -spirat, median, ulnar, and muaculo- 
cutaneoua. Brachial neuritis is commonly of rheumatic 
or gouty origin. It may follow a direct exposure to cold 
of the arm and shoulder, but in the majority of cases no 
such direct cause can be traced. A great many cases of this 
most painful affection have been seen in the last seventeen 
years to follow an influenza attack, and the condition ia 
precisely comparable in the upper extremity to sciatica 
in the lower limb. Occasionally cases arise from the 
spread of inflammation from neighbouring Btnictuiea to 
the nerve sheaths, and I have seen very severe in- 
stances of it dependent upon tuberculous adenitis of the 
neck, tubercular pleurisy, phthisis of the apex of the 
lung, and septic infection of the wound of an operation in 
the deep tissues of the neck, Direct injury, too, to the 
plexus as a whole may sometimes be caused by fails upon 
the shoulder, though in these cases due to violence, as a 
rule the motor palsy largely overshadows the sensory im- 
pairment — quite the reverse of what obtains in brachial 
neuritis due to rheumatism, gout, influenza, or the spread 
of inflammation to the nerve sheaths from neighbouring 
structures. 

Bracliia! neuritis, exclusive of the traumatic cases, 
occurs as frequently in women as in men ; and in thorn the 
gouty tendency is more likely to be latent than to have 
shown itself by overt joint inflammations. It will thus con- 
stitute one of the possible signs of irregular gout, such as 
iritis, angina, glaucoma, eczema, and others 
* to mention here. Indeed, left-sided brachial 
neuritis may be mistaken for angina pectoris on account 
of the cardiac distress that may be present as a symptom. 
This is analogous to the pain that is felt down the left arm 
and in the side of the neck in angina pectoris, and is prob- 
ably produced by a reversal of the same mechanism. 

Brachial neuritis often oommencea very acutely, and 
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then the pain in the whole arm may be intense. The pain 
may be referred at firat to various points, such aa the back 
of the shoulder, the forearm, or the inaida of the elbow. 
The pain will be increased on movement of the arm, especi- 
ally by raising it in ahduction ; and there will be persistent 
tenderness of the nerves on pressure. Even the skin of the 
arm may become hyperiesthetic as the pain increases. At 
this stage there is very commonly in the most acute eaaea 
considerable swelling of the arm, and (odema of the back 
gf the hand and wrist. The skin of the hand and arm 
'perspires excessively, the temperature of the limb falls 
several degrees as compared with the other arm, and the 
limb feels cold and the hand will appear bluish. There will 
be almost complete inability to move the arm ; but this 
is due less to actual involvement of the motor nerves by 
the inflammation and consequent paralysis than to the 
intense pain caused by all attempts at movement. In the 
majority of cases, except those due to trauma, there will be 
little or no wasting, though slight wasting of the whole ana 
ia not very rare. The stress of the disease falls upon the 
sensory nerves, and the prominent symptom is pain and 
persistent tenderness of the nerves on pressure, which ia 
increased on movement. The pain, as in sciatica, is ofteo. 
paroxysmal and worse at night, and may therefore be mis- 
taken for neuralgia. 

Other trophic evidences of the impairment of sensory 
nerves are thinning and glossiness of the skin of the fingers, 
with atrophy of the finger pads, impairment of sensibility 
to light touches and pin-prick, and lastly, but most im- 
portant, fixation of the joints due to periarticular adhesions. 
These adhesions, like the other trophic eSects, occur most 
at the periphery of the limb, and thus it is the interr 
phalangeal joints which suffer most, partial dislocfitioii 
backwards with considerable distortion taking place in the 
worst cases. It is the periarticular tissues which t 
dom the &brositis which causes these adhesions and limita- ( 
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tions of movement, no new adhesions forming between the 
articular surfaces. Next to the fingers and wrist, the shoul- 
der joint is apt to sufEer most, the elbow usually escaping. 

The treatment of these postneuritic joint troubles is 
most tedious, prolonged massage and careful passive 
movements, preferably on the arthromotor machine, pro- 
ducing the best results. Breaking down the adhesions under 
an ansasthetic should be avoided, as, though this treatment 
appears attractive in theory, the results are disappointing ; 
and often the joints are worse than before, as the forcible 
straining or rupture of the adhesions sets up anew the 
fibrositis around the joint, and the pain produced is so 
severe that practically no passive movements can be borne 
for many days afterwards, and the adhesions consequently 
return as before, or even worse. 

Treatment. — ^The treatment of acute brachial neuritis, 
as of sciatica, necessitates immobility of the limb so long as 
the active inflammation lasts. This will be determined by 
the presence of persistent tenderness and pain on 
pressure over the nerves, and hypersesthesia of the skin and 
of the muscles. During this stage the limb should be treated 
by moist heat, covered over with a thick layer of cotton wool, 
and fastened to the side in a sling. After a week to a fort- 
night of this treatment, the pain is probably abating ; but 
drug treatment will help to a certain extent. Aspirin or 
salicylates and alkalies by the mouth, and probably a 
nightly injection of one-eighth to one-sixth of a grain of 
morphia, will be necessary. Some authors recommend 
injections of cocaine instead, but its anodyne effect is less, 
and the danger of setting up a drug habit is even greater. 
Morphia is withheld h} some practitioners in practically all 
circumstances, on account of their dread of the formation 
of the drug habit, but, properly used, it is the most valu- 
able remedy in the Pharmacopoeia, and in the intense pain.. 
of severe sciatica or brachial neuritis its use is most oer-^ 
tainly indicated during the aoute stage. OccaaiQnalljr : 
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atropine or scopolamine may be combined with it ad^in- 
tageously in neurotic Bubjects. No massage or pa^ve 
movements of the limb must be allowed ho long as the in- 
flammatory stage of the neuritis persists, but galvanism 
may be employed with benefit as in sciatica, even from the 
first. It should be given, as in sciatica, by applying the 
anode to the region of the inflamed nerves and the kathode 
to the periphery of the limb, but differences in detail will 
have to be observed. 

The anode should be a large circular pad electrode, 
3 inches in diameter, and should be applied over a thick 
piece of flat sponge, or gamgee tissue, rather larger than the 
electrode, thoroughly wetted with hot water. The kathode 
should be a large rectangular plate, similar to that used 
for the ankle in sciatica, and is to be wrapped round the 
forearm and wrist in the same manner, a piece of thoroughly 
wet gamgee tissue or cotton wool being laid on the inside 
of the plate before it is moulded round the forearm. The 
addition of this extra layer of cotton wool serves two pur- 
poses : to prevent undue pressure of the plate electrode 
upon any bony prominences, and also to hold a sufficient 
amount of water to insure good electrical contact with the 
skin during the fifteen to twenty minutes' application of 
the current ; for the ordinary flannel covering of the plate 
is apt to dry in a short time, thus increasing the resistance, 
diminishing the amount of current passing, and at the same 
time producing a sensation of burning ; and, indeed, actual 
electrolysis of the skin may then take place. When this 
burning sensation occurs, taking ofi the pad and re-wetting 
it stops the burning sensation, although more current now 
passes, owing to the diminution of the resistance between 
the metal plate and the tissues of the body. When the two 
electrodes are in position the current should be turned on 
slowly, and a strength of 10 to 15 ma. may be employed, 
reckoning the area of the positive electrode as about 9 
inohes. The current should be applied daily, or twice daily, , 
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and a good plan will be to paint the skin above the clavicle 
where the anode is going to be placed with an anodyne 
paint composed of equal parts of chloral and menthol, and 
containing 1 per cent, of morphia hydrochloride. If this is 
done just before the anode is applied over the spot and the 
constant current passed, the cataphoretic action of the current 
will convey the drugs through the skin* from the anode, 
and thus the sedative action of the anode upon the inflamed 
nerves may be increased by the local action of these drugs 
upon them. Cataphoresis, with salicylate of soda, using 
the negative pole, should, however, be tried first, as 
described in the treatment of sciatica (p. 169). 

In favourable cases the pain may have completely dis- 
appeared after a few days, but bad cases, especially if 
treated wrongly with massage and movements at first, may 
continue painful for many months, and then may leave be- 
hind permanent signs of nerve impairment in dulling of 
sensation, muscular wasting, glossy skin, periarticular 
adhesions, etc. Neuralgia of the limb may remain, as in 
sciatica, after the actual neuritis or inflammation has passed 
away, and then massage and Swedish exercises, tonic 
treatment, and change of air may be necessary to complete 
the cure. 

BRACHIAL PLEXUS INJURIES 

Injuries to the brachial plexus are common results of falls 
on the shoulder, or of wrenching of the arm, or of fracture 
of the neck of the humerus. One of the commonest is that 

known as Erb's, or Erb-Duchenne paralysis. Du- 

chenne described this particular form of brachial paralysis 
in new-born children ; it is due to direct traction on 
the upper roots of the plexus, the fifth cervical root, which 
is the highest and therefore the most oblique, suffering the 
most. Sometimes the sixth root suffers also, and in t 
majority of these cases of birth palsy there is a mass of f 
tissue at the outer ed^e of the scalene muscle involving 

M 
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junction of the fifth and sixth roots, though it ib the fifth 
root that always sufferg the more, as faradic atimulation o 
the two roots separately will show when the plexus i 
exposed for operation. The result of this plexus lesioiit 
damaging the anterior primary division of the fiftti 
cervical root, is to cause a pure motor paralysis of a 
certain group of muscles in the upper arm and shoulder 
sensation, as a rule, being entirely unaffected, with no dif- 
ference to be detected, even on careful testing with cotton 
wool or pin point. 

In a severe case of this fifth cervical nerve leaion thstg 
will be complete paralysis of the deltoid, supraspinatnv 
and infraspinatus, biceps, brachialis anticua, and supin,:ot- 
longus muscles, and in some patients — those in whom th» 
plexus is high or prefixed — there will be also paralysis of tift' 
pronator radii teres and the two radial extensors of the wrist. 
These muscles will waste and show the full reaction of 
degeneration, and in many of the severer cases no recovery' 
takes place, there being permanent inability to raise the arm 
or to flex the forearm. 

When the sixth primary division is paralysed as well as 
the fifth, there will be weakness of the latissimus, trice^w^ 
and pectoral in addition to these other muscles ; but 
usually the serratus magnua escapes, as its nerve leaves the 
sixth cervical close to the foramen. In more widespread, 
lesions of the plexus, or of the primary nerves which form 
it, all of the muscles of the forearm and hand may suffer. 
It is only in lesions of the fifth primary nerve that iw 
anesthesia is produced ; when the sixth is also involvedl 
then there is antesthesia of the outside of the hand ai 
thumb. 

Occasionally partial lesions of the fifth primary tninl^ 
occur either from neuritis or as the result of trauma, onlr 
the deltoid and spinati muscles being paralysed, the bioept 
and remaining muscles escaping. This form of parali 
is very difficult to distinguish fron 
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cumflex and suprascapular nerves, which sometimes occurs 
as the result of direct violence in downward dislocation of 
the humerus. This accident produces a traumatic neuritis 
of the circumflex by directly stretching the nerve ; while 
at the same time the infraspinatus muscle, whose tendon is 
attached to the greater tuberosity of the head of the 
humerus, is torn away from the suprascapular nerve, which 
enters it on its under surface. In this form of neuritis, 
however, there is more likelihood of the presence of some 
ansBsthesia on the outside of the upper arm than in the 
case of a partial lesion of the fifth trunk. 

Paralysis of the lowest cord of the plexus, the first 
dorsal, or Klumpke paralysis, as it is called, may result 
from violent wrenches of the arm downwards and back- 
wards, stretching the first dorsal nerve over the first rib as 
it rises to join the eighth cervical in the plexus. 

Sometimes an abnormality is present in the foTm of a 
cervical rib growing from the transverse process of the 
seventh cervical vertebra, and then the first dorsal nerve 
has to rise higher than usual and be bent at a rather sharp 
angle to reach the plexus. In these cases of cervical rib, 
which may be bilateral, neuritis of the first dorsal nerve is 
not unfrequently set up about the age of puberty, with the 
resultant symptoms of pains in the neck and down the in- 
side of the arm, with numbness and anaesthesia along a strip 
of the inside of the forearm down to the wrist, and atrophy, 
of gradual onset, of the intrinsic hand muscles. 

Treatment of brachial plexus injuries.— The 

most severe forms, as a rule, are those in which the upper 
roots are involved, especially when the fifth root has been 
damaged, perhaps even ruptured. The main question, 
then, to decide, if the case is seen within the first few weeks 
is whether the roots have been actually torn, and whetibfl 
operation is required in order to repair the miBchief m 
far as possible by performing primary suture of the toti 
nerve trunk. It may be taken as an axiom that i¥lie]i'li 
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nerve has been divided, the sooner operation reatore* 
the continuity the better chnnce there is of complete r©«' 
generation of the nerve taking place, while the longer th# 
period that elapses before the divided ends are brought 
together the less chance there is of any recovery taking 
place. Two years is, perhaps, the limit beyond which it 
is hopeless to expect any recovery from suture of a divided, 
nerve. In cases, therefore, of Erb's palsy, such as thosA. 
due to falls upon the shoulder in aduite, or occurring in 
new-born children, the question as to whether the fiftih 
nerve has been torn is an anxious question to decide. 1 
is impossible, from the clinical signs of the paralysis, to I 
sure on this point, either in the first week before any reaction 
of degeneration has shown itself in the affected muscles, or 
later. Experience must, therefore, be our guide in these 
oases, and as it is most rare for the nerve to be actually 
ruptured in this way, it will be safer to wait three tnonthi 
before considering seriously the advisability of surgical ia* 
(«rference. In a certain proportion of cases, although tin 
paralysis may be complete at first, yet the injury to th 
nerve has not been severe, and though slight reaction < 
degeneration appears on electrical testing after the firal 
week, yet voluntary power soon commences to return, 
and complete recovery may ensue in from one to thieft 
months. In more severe injuries, there may be well* 
marked reaction of degeneration, yet signs of recovery n 
appear after eight or ten weeks, with eventual completfli 
return of power after eighteen months or two years. 

The only oases in which operation is certainly indicate 
from the first are those in wliich the arm has been paralye 
from a stab wound in the neck, or in which, as the result of t 
severe fall, there is paralysis of the lower limbs in addition to 
the paralysis of one or both arms, which may resemble the 
type of Erb's paralysis. In the former case it b practic- 
ally certain that one of the nerves ot the plexus has t 
divided by the knife wound ; while in the latter then has J 
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been fracture dislocation of the sixth cervical vertebra, and 
there is almost certainly pressure being exerted upon the 
spinal cord by a piece of bone, removal of which by lami- 
nectomy may completely cure the patient. 

Meanwhile, the paralysed muscles should be treated 
daily with galvanism by the labile method, the indifferent 
electrode being a flat plate placed behind the neck, while 
the treatment electrode (in these cases the kathode) is a 
round disc 2 inches in diameter, attached to the usual form 
of handle. Massage, too, should be employed and the limb 
supported in a sling, care being taken as far as possible 
that the paralysed muscles should not be allowed to remain 
in a constant position of passive extension. Paralysed and 
wasted muscles are. much more likely to recover, and do 
so in a shorter time, if their attachments are kept approxi- 
mated. Thus, in the case of a paralysed biceps the fore- 
arm should be kept at a right angle, and in the case of 
dropped wrist the hand should not be allowed to hang 
in that position, but the wrist should be kept constantly ex- 
tended by a light splint, or similar apparatus. For dropped 
wrist I find the following apparatus sufficient : an ordinary 
leather wrist strap is buckled round the wrist, and a strong, 
broad piece of tape is sewn in a loop around the second, 
third, and fourth fingers. A broad piece of flat elastic is 
fastened by its two ends to the tape and to the wrist strap, 
its tension being so graduated as to exert a constant pull 
in extending the wrist. 

It is, however, practically impossible to treat the deltoid 
mussle in this way, owing to the difficulty of keeping the 
arm constantly abducted. This is the only muscle which 
raises the arm, the clavicular portion of the pectoral ha^ 
only an adductor action on the arm when it is held stra 
out in front. The contraction of the latter mi 
prevents the natural action of the deltoid acting n 
which would sweep the arm outwards and awa^ 1 
the middle line. The supraspinatus muscle afiEO&ti^ 
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deltoid very slightly in raising the arm, also rotatiDg th« 
humerus inwards ; but this muscle is almost invariably! 
paralysed at the same time as the deltoid, as, ahhoug^ 
they are supplied by two difierent peripheral nerves, yoS 
both the deltoid and the spinati, supra- and infra-, reoeiv* 
their motor fibres from the same primary nerve of the plexn^, 
the fifth cervical. Sometimes these three muscles are para* 
lysed together from a partial neuritis of this uppermost' 
nerve of the plexus, from direct exposure of the neok te 
cdd, the onset being marked by considerable pain in thft 
neck and shoulder. The prognosis in these cases is usually 
good, though many months, often a year, may 
before the deltoid regains much of ita power. 
massage and galvanism will, however, aid their reco' 
considerably. 

Serratus magnus paralysis may be the result of a 

similar neuritis of the long thoracic from exposure t« cold, 
or from the pressure of a heavy weight, such as the corner f 
of a Jieavy box pressing above the clavicle when carried 
on the shoulder. Another cause of serratus magnus palsy 
is violent muscular action of the scalenus medius, through 
which the long thoracic nerve runs. This form of paralysis 
I saw in a young man who developed sudden paralysis of 
the serratus magnus while using the side stroke in a swim- 
ming race. The onset of neuritis of the long thoracic is 
accompanied by a good deal of pain above the spine of the 
scapula and along its vertebral border, which may persist 
for many weeks. I do not consider this neuralgic pain a 
contra -indication to treatment of the paralj'sed moBcle 
with galvanism. 

The posterior scapular nerre may euffer in a similac 
way, causing paralysis of the rhomboids, the levator anguKJ 
scapuliB, and the upper portion of the serratus magnus,, 
and often the middle and lower fibres of the trapcriiW. 
This grouping of paralysis I have seen as the result of 
nmaciilai strain in a labourcr who was heaving earth out 
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of a deep ditch up on to the bank over his left shoulder. 
At the end of a strong effort he felt a sudden shooting pain 
in the left si<Je of his neck and at the back of his left shoul- 
der, which was at once followed by weakness of the limb, 
so that he had to give up his work. He ultimately re- 
covered completely under treatment by massage and gal- 
vanism. 

Trapezius paralysis.— iSee under Cranial . Nerves. 
pp. 215-18. 

MUSCULO-SPIRAL PARALYSIS 

This is one of the commonest forms of nerve paralysis 
of the upper extremity. Owing to its winding course 
round the humerus close to the bone it is peculiarly exposed 
to pressure, and the two most frequent causes of its damage 
in this way are pressure by a crutch, and pressure during 
sleep, either by the weight of the head upon the arm, or 
by the arm hanging over the back of a wooden chair. This 
form of nerve paralysis has been named " Sunday para- 
lysis," owing to its occurrence in frequenters of public- 
houses sleeping off the effects of a Saturday night debauch 
in a wayside ditch, or in a wooden chair with the arm 
thrown over the back of it. The pressure of a crutch in the 
axilla compresses the nerve against the humerus higher 
up than when it is injured during sleep or anaesthesia, and 
it is owing to this reason that in the sleep palsy of this 
nerve the triceps usually escapes, while in musculo- 
spiral palsy due to the pressure of a crutch the triceps is 
usually weak. The most obvious result of the nerve lesion 
is dropped wrist, there being complete inability to extend 
either the wrist, fingers, or thumb. The I 
is paralysed in addition to the extensors in A 
in lead neuritis the supinator longus, tih 
and primi internodii pollicis escapei, Thift 
extent of the palsy makes it easy to t 
paralysis from musculo-spiral paralysis. ^ & 
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is generally at first some numbness over the back of the 
thumb, index and middle fiogers, and the outside of the back 
of the hand, as far down the fingers as the first inter- 
phalangeal joint, where the supply of the radial nerve joins 
that of the median. There will be partial tactile anssthesia 
and analgesia over this area for the first few weeks, the loss 
of sensation usually disappearing before the return of 
Toiuntary power. 

Uusculo-spiral paralysis sometimes occurs in alcoholic 
subjects during the day while the patient has been awake, 
and without any obvious cause of pressure. It is difficult 
to understand how this occurs, for if the paralysis were due 
to the action of the circulating toxin on the nerve, the 
efiectfl should be bilateral and symmetrical. Possibly in all 
these cases there is some slight trauma which escapes notice, 
the nerve being on the brink of neuritis on account of the 
patient's alcoholic habits. Occasionally the nerve may be 
damaged by being torn by the sharp edges of the bone i 
fracture of the humerus, in which case, of course, the para- 
lysis dates from the moment of the accident ; or the ne 
may be implicated later in the callus formed during the 
healing of a fracture of tbe hone. A stab wound in the 
upper arm may similarly sever the nerve, and forcible con- 
traction of the triceps has even been said to produce a trau- 
matic neuritis of the musculo -spiral. Whatever its cause, 
musculo-spiial paralysis is of sudden or almost sodden 
onset, and for this reason and because the muscles supplied 
by it in the forearm are not covered with a thick layer of 
tissue as, for instance, the hamstrings are, the reaction of 
degeneration is very pronounced in the extensor moscleB 
in the forearm in cases of musculo-spiral paralysis. In tiw- 
most severe lesions of the nerve, as when the nerve is actu- 
ally divided by a stab or a bullet wound, the hyperexcitability 
to galvanism that is generally seen in ordinary oases of 
crutch or sleep palsy is absent, and the form of the rcKotioft' 
of degeneration that is tound is complctii loss of hiadU' 
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reactions, with diminution of excitability to galvanism and 
very sluggish contractions. Powerful currents are required 
to evoke the contractions, and within a month of the divi- 
sion of the nerve the contractions may be only visible on 
reversing ihe direction of the current suddenly, while the 
plain make and break of a current of 10 ma. may cause 
scarcely any contraction. Moreover, the contractions at 
the anode do not show the usual excess over the kathode 
for very long ; for when after a few weeks a strong current is 
necessary to evoke the contractions, the kathode closure 
contraction is then usually the stronger, KCC > ACC. 

In the cases of moderate severity there will be also 
complete faradic loss after ten days, but there will be 
marked hyperexcitability to galvanism, a current of 1 to 
li mi. producing distinct contractions, sometimes brisker 
to the anode, sometimes to the kathode, though there is 
never as much difference between the strength of the KCC 
and ACC as with a normal nerve and muscle. Not un- 
frequently the contraction to the anode is more sluggish 
than to the kathode, though the amplitude of the contrac- 
tions may be about equal. 

Treatment. — In the treatment of musculo-spiral lesions 
our chief concern will be the re-establishment of motor 
power, since the sensory impairment is never very deep 
or troublesome, and pain is either trifling or absent. If 
the wrist-drop is complete at first, with no voluntary power 
in the supinator longus or any of the extensors of the wrist, 
fingers, or thumb, it will be a difficult matter to decide until 
a fortnight has elapsed whether the lesion is a complete 
division of the nerve or one of only moderate severity. 
With the establishment of the reaction of degeneration i 
further clue will be obtained, as those cases where the hype 
excitability to galvanism is most marked will not turn o 
to be cases of complete severance of the nerve. The presei 
of definite anaesthesia over the distribution of the lad 
nerve on the outer side of the back of the hand, fingers, ai 
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thumb, as high as 3 or 4 inches above the wrist, will be 
an additional evidence of a severe lesion of the nerve, as 
definite aOEusthesia over this area is often absent in slight 
cases of musculo- spiral paralysis, which recover quickly. 

Since the nerve is rarely the seat of a rheumatic or 
gouty perineuritis like sciatica, with pain as a prominent 
s/niptom, it will be unnecesaaTy to treat the case with pro- 
longed rest, for the lesion in the large majority of eases in 
not an inflammatory one, but merely a crush of the whole 
nerve, the motor nerve fibres especially being damaged. 
An extension apparatus for the wrist, as described above 
(p. Ifil), should be worn, and the extensor muscles in 
the forearm should be treated by galvanism daily by the 
labile method, and also well massaged. The principle ot 
the treatment will be to keep the muscles as far as possible 
in good condition pending the recovery of the nerve ; but 
the recovery of the nerve fiiires will depend upon the degree 
of the damage, and little can be done to hasten their 
covery. With a severe crush, little or no voluntary power 
over the extensors may return for four to six months, and 
full power will not be regained for eighteen months to two 
yeara. The large majority of sleep and crutch palsies are, 
however, less severe than this, some degree of power re- 
turning nt the end of a month. 

The galvanism will be best applied by wrapping a large 
flat electrode round the arm above the elbow, and using 
round disc electrode, 1^ inches in diameter, for the treat- 
ment electrode. The kathode should be used for the treat- 
ment, from 5 to 10 ma. of current being employed, accord- 
ing to the strength of contractions obtained. In tbe sli^ttf 
cases in which the muscles do not entirely lose the faiadifl 
reactions, and also in the severer forms in which recover 
is commencing and the faradic reactions are returning, it iss 
gocd methad to iise combined faradism and galvanism 
tile treatment instead of galvanism alone. It is best not 
to use rapid interruptions for the faradism, but to iise > 



MtTSOULO-SPmAL PARALYSIS ten 

means of interrupting the faradism slowly, about two or 
three times a second, such as an aluminium weight fixed on 
to the Wagner hammer. By using this mechanism the 
muscles are not tetanised by the faradic current, but are 
able to relax after each contraction. Better results will be 
obtained by that means than by using either current alone. 
The strength otthe faradism to be employed in this com- 
bined method must be ascertained by testing the muscles 
first with single faradic shocks, obtained by working the * 
interrupting hammer by hand. When this is done, it will 
be found that when the secondary coil is pushed sufficiently 
near to the primary, muscular twitches are produced by 
thus interrupting the battery current ; while practically 
nothing is felt at the make of the current, even when the 
break current is too powerful to be borne. The strength of 
the break faradic shocks should be so adjusted that, before 
turning on any of the galvanic cells, weak but distinct 
muscular twitches are produced. Then, turning on the gal- 
vanism, a strength of 5-7 ma. should be employed, the addi- 
tion of which, by setting up a condition of katelectrotonus 
in the nerve, increases the excitability of the nerve so that 
the faradic shocks now produce stronger contractions. 

This combined current may either be applied by the 
labile method as described above, or two flat electrodes may 
be strapped on to the arm, one round the wrist and the other 
above the elbow, while the galvanic current is reversed 
regularly about twice a second. The reversal of the current 
may either be performed by hand with the current re- 
verser on the battery, or a special reverser may be employed, 
such as a metronome driving a Pohl's commutator (p. 143). 
The combined current is most easily obtained from a oo 
battery containing both the galvanic and faradic af 
with a De Watteville switch for using either the 
or the galvanism from the same pair of binding-BCK 
obtaining the combined current, the switch must hi 
in the middle line, half way between P and G. 
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which paases deeply between the abductor and flexor 
brevis minimi digiti muBcles, and then along the cottree 
of the deep palmar arch beneath the flexor tendons, sup- 
plying the hypothenar muaclea, all the int^rossei, the inner 
two iumbricals, the adductor pollicis, and the inner half 
of the flexor brevis pollicis. Thia branch is, therefore, a 
purely miiBCular branch, and it may be wounded by a fall 
on the wrist and hand on to a sharp piece of glass or a 
spike. In thia event, the muscles above enumerated will 
waate, but there will be no anEeatheaia produced. As a. 
result of the muscular paralysis of the interoaaei and the 
two inner Iumbricals the liand will assume the elawed 
shape, the flrat phalanges being retracted and the two 
distal phalanges partially flexed, the two ulnar fingers being 
the more afiected. The hypothenar eminence will appear 
wasted, and there will be hollowing between the thumb and 
index finger on the dorsal side, owing to the atrophy of the 
first dorsal interosseus muscle, while the outline of the 
metacarpal bone of the index finger will be prominent. The 
thenar eminence will not he wasted, owing to the preserva- 
tion of the abductor and opponens pollicis, hut there will 
be hollowing between the thenar eminence and the palm of 
the hand on account of the atrophy of the adductor pollicis 
and iimer head of the flexor brevis pollicis. The terminal or 
superficial palmar branch of the ulnar ia almoat entirely a 
cutaneoua branch, aupplying only the palmaria brevis muscle 
in addition to the integument on the inner and palmar aide 
of the hand, the little finger, and inner half of the ring 
finger. This terminal branch may be injured alone, witii 
resulting anaesthesia on the palmar and inner aide of Idle 
hand and no muscular paralysis, or it may be divided in 
addition to the deep muscular branch by the same injuiy 
at the level of the wrist. 

In some persons the ulnar nerve ia constantly pressed 
upon in its passage round the internal condyle in every act 
of flexion of the elbow ; an ulnar neuritis may be thus aet 
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up, causing pain and tingling along the distribution of the 
nerve. It is quite common for many people to notice after 
leaning on one elbow for several minutes that the inner 
side of the hand and fingers has " gone to sleep," with weak- 
ness in straightening the two inner fingers. This is due 
to a temporary paresis of the ulnar nerve by being stretched. 
The same condition continued for a longer time, as when 
asleep or under the influence of an anaesthetic, will cause a 
pressure, or sleep palsy, of the nerve. 

Ulnar paralysis is to be distinguished from lesions of 
the inner cord of the brachial plexus or of the eighth cer- 
vical and first dorsal roots, and also from spinal lesions 
at the level of the first dorsal and eighth cervical segments. 
The former will be recognised by the distribution of the 
muscular paralysis and anaesthelaia difEering somewhat from 
that of ulnar palsy. Moreover, in most cases the approxi- 
mate site of the lesion will clearly determine whether it is 
the inner cord or the ulnar nerve that has suffered, although, 
since the ulnar nerve gives off no branch from the point of 
its formation until it enters the flexor aspect of the fore- 
arm, a lesion of the nerve at its point of origin from the 
inner cord and also at the bend of the elbow will produce 
precisely the same symptoms. 

Since the inner cord gives off the inner head of the 
median as well as the ulnar nerve, a lesion of the inner 
cord will cause more extensive muscular paralysis than an 
ulnar lesion. All the intrinsic hand muscles will now be 
wasted, with the superficial and deep flexors of the fingers, 
the long flexor of the thumb, and the flexor carpi ulnan^ 
When the inner cord is damaged near to its formatk 
the union of the eighth cervical and first dorsal pt 
divisions, there will be, in addition, weakness of the a 
portion of the pectoral muscle, through implication < 
internal anterior thoracic nerve, anaesthesia of a strip 
the inside of the forearm due to the internal and i 
internal cutaneous nerves, and also weakness ol fbl 
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inner half of the third fioger, corresponding accurately 
the anatomical distribution of the nerve, while sensatioii 
to pin-prick will beonly partially lost on the inner half of tht 
third finger, but completely lost on the httle finger ; deep aeH' 
sihility, also, will be but little impaired on the third finger. 
These diSerent forms of sensation do not recover simul- 
taneously after suture of a divided nerve, epieritio sensntion 
taking very much longer than the protopathic. The latter, 
in a favourable case, may commence to return in six weeks, 
and be completely recovered in ten weeks, after which the. 
liability to troplu<x. sores disappears. Motor recovery doea 
not commence until from five to six months after sutore, 
and may take twelve to eighteen months before comple- 
tion, while epieritio sensation does not commence to return 
until ten months have elapsed, being complete in about 
twelve months. Occasionally, especially after secondary 
suture, protopathic and deep sensibility recover, while at 
the same time there is no return of epieritio sensation 
motor power, the muscles remaining permanently wasted. 
For the hand, it is much more important for the patiend 
to get return of a fair degree of sensation than that the 
intrinsic muscles of the hand should recover ; for if there 
deep ansesthesift of the little finger and inner side of thft 
hand, the value of the hand is very considerably impaired' 
as ft sentient and prehensile organ, as the little finger will" 
be constantly getting in the way and be in danger of injury, 
while at tlte same time there will be great difficulty and;,, 
indeed, impossibility of recognising objects by the touch. 
If, however, protopathic sensation and deep sensibility' 
return, it will make a considerable diSerence to the 
nesa of the hand, even though the interoasei remain p^- 
manently wasted. 

MEDIAX NERVE PARALYSIS 
Like paralysis of the ulnar nerve, that of the 
nerve may result as part of a brachial plexus lesion, 
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may be injured in the axilla, arm, or forearm. Like the 
ulnar, it gives no branch above the elbow, entering the fore- 
arm between the two heads of the pronator radii teres, which 
it supplies. In the forearm it gives off muscular branches 
— ^the anterior interosseous and the palmar cutaneous. 
The median nerve receives fibres from all the five roots 
that enter the brachial plexus, and it conveys motor fibres 
to all the flexor muscles in the forearm except the flexor 
carpi ulnaris and the inner half of the flexor profundus 
digitorum, which are supplied by the ulnar. 

The otUer head of the median carries the motor fibres 
for the pronator radii teres, the flexor carpi radialis, pal- 
maris longus, and a few fibres to the flexor sublimis digi- 
torum, while at the same time it also carries sensory fibres 
to the skin of the palm of the hand, the thumb, and outer 
three fingers. The inner head of the median carries the 
motor fibres for the major portion of the flexor sublimis, 
the flexor longus pollicis, the outer half of the flexor pro- 
fundus, the thenar muscles, and the two outer lumbricals, 
but no cutaneous sensory fibres. Like the ulnar, the median 
nerve supplies part of the dorsum of the fingers, the ter- 
minal two phalanges of the index and middle fingers, and 
the outer half of the dorsum of the terminal two phalanges 
of the third finger. 

Treatment. — The treatment of median nerve paralysis 
will be on the same lines as ulnar paralysis. The nerve is 
liable to injury in the upper arm from stab wounds, but 
never suffers, like the musculo-spiral, by compression against 
the bone. In the forearm it may suffer bom 
the flexor aspect, especially during sleep, 
pressure of a tight bandage or splint ; bat it i 
than ulnar paralysis from this cause. Stab 
gashes across the wrist may divide the nerve, ai 
it is involved in scar tissue, although the hAj 
have been injured at the time of the original 
this latter case the patient will complain ol tin 
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tensor indicie, minimi digiti, and secundi internodii pollicis, 
due to impiicatiou of the posterior division of the eighth cervi- 
cal and first doreal nerves which joins the muBculo-spiral. 

Sometimes the first dorsal root alone may be damaged 
by ft wrench of the arm downwards and backwards stretching 
the nerve over the first rib. This lesion will simulate an 
ulnar palsy in causing wasting of the intrinsic musculature 
of the hand ; but the thenar muscles escape in ulnar palsy. 
The auEeathesia, too, will differ — that in ulnar palsy involving 
the little finger and inner half of theringfinger; while a lesion 
of the first dorsal root produces a atrip of anseatheaia along 
the inner side of the forearm aa far as the wrist, and does 
not include any part of the hand. In certain cases it is 
possible for the first dorsal root to be injured within the 
spinal canal close to the cord, wlien, in addition to the above 
symptoms, there will also be paralysis of the sympathetic 
pupil-dilator fibres, so that the pupil will remain medium 
small, and will not dilate in shade. 

Treatment, — The treatment of lesions of the inner 
cord or of the ulnar nerve will be on the same general lines 
as in muaculo-spiral paralysis, though, as there is no wrist- 
drop, there will he no necessity for any extensor splint 
apparatus. When the lesion to the ulnar is low down at 
the wrist, a good arrangement for the electrode is to place 
the hand flat, palm downwards, upon a flat disc electrode, 
while another disc electrode is laid upon the back of the 
hand. Glalvanism should he employed, and the current 
reversed at a rate of from once to twice a second, the 
strength of the current being from 5 to 10 ma., according 
to the strength of the contractions obtained. Faradiam will 
be of less use in the treatment of ulnar palsy, though when 
the faradic reactions are commencing to return, the combined 
current with slow faradic shocks may be given. 

The prognosis in ulnar palsy depends, of course, on the 
severity of the lesion, slight injuries, as from pressure during 
sleep, usually commencing to improve within a foituight. 
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It is in the cases of division of the nerve near the wrist that 
there is especial danger of the nerve remaining permanently 
paralysed, for the surgeon's attention is very likely to be 
more specially directed to picking up and reuniting divided 
tendons than to examining the condition of the ulnar nerve ; 
and it is often not until some days afterwards, when the 
patient is becoming more accustomed to the woimd, that 
the loss of sensation over the ulnar distribution is noticed, 
and the discovery made that the ulnar nerve was 
divided at the time of the injury. Reopening of the wound 
is now necessary, and secondary suture of the divided ends 
of the nerve must be performed. This late suture of a 
cut nerve is much less likely to be successful in entirely 
restoring its functions than is a primary suture, and re- 
covery is still less likely to ensue should the wound have 
suppurated. Even under the most favourable circum- 
stances, if the nerve has been divided, complete return of 
perfect sensation and motor power is scarcely to be looked 
for under twelve months, though certain forms of sensation 
recover earlier than others. 

Head has shown that peripheral sensation consists of 
three separate forms : (1) Deef sensibUity, or sensations 
of pressure, which may be actually painful, and which are 
perceived by the muscles, tendons, and deeper structures 
through the medium of sensory fibres running with the 
motor nerves to the muscles ; (2) protopathic sensation, or 
sensations of pain to pin-prick, etc., including recognition 
of extremes of temperature of heat and cold ; (3) epicritic 
sensation, or finer sensations of touch, including accurate 
localisation, and recognition of milder degrees of warmth 
and coolness. Of these, the third does not overlap in its 
peripheral distribution, while protopathic sensation and 
deep sensibility do overlap considerably in the distribution 
of neighbouring peripheral nerves. For example, in the 
case of a divided ulnar nerve, epicritic sensation will be lost 
over the inner side of the hand and the little finger and tbo J 
V 
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inner hiilf of thn third finger, corresponding accnrately with 
the anatomical distribution of the nerve, while sensation 
to pin-prick will be only partially lost on the inner half of tiie 
third finger, but completely lost on the little finger ; deep sen- 
sibility, also, will be but little impaired on the third finger. 

These different forms of sensation do not recover simul- 
taneously after suture of a divided nerve, epicritic sensation 
taking very much longer tfian the protopathic. The latter, 
in a. favourable case, may commence to return in six weeks, 
and be completely recovered in ten weeks, after which tho_ 
liability to trophic, sores disappears. Motor recovery does 
not commence until from five to six months after suture, 
and may take twelve to eighteen months before comple- 
tion, while epicritic sensation does not commence to return 
until ten months have elapsed, being complete in about 
twelve months. Occasionally, especially after secondary 
suture, protopathic and deep sensibility recover, while at 
the same time there is no return of epicritic sensation or of 
motor power, the muscles remaining permanently wasted. 
For the hand, it is much more important for the patient 
to get return of a fair degree of sensation than that the 
intrinsic muscles of the hand sitould recover ; for if there is 
deep antesthesia of the little finger and inner side of the 
hand, the value of the hand is very considerably impaired 
as a sentient and prehensile organ, as the little finger will 
be constantly getting in the way and be in danger of injury, 
while at the same time there will be great difficulty and, 
indeed, impossibility of recognising objects by the touch. 
If, however, protopathic sensation and deep sensibility 
return, it will make a considerable difference to the useful- 
ness of the hand, even though the intcroesei remain per- 
manently wasted. 

MEDIAN' NERVE PARALYSrS 
Like paralj'sis of the ulnar nerve, that of the median 
nerve may result as part of a brachial plexus lesion, or it 
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may be injured in the axilla, arm, or forearm. Like the 
ulnar, it gives no branch above the elbow, entering the fore- 
arm between the two heads of the pronator radii teres, which 
it supplies. In the forearm it gives off muscular branches 
— ^the anterior interosseous and the palmar cutaneous. 
The median nerve receives fibres from all the five roots 
that enter the brachial plexus, and it conveys motor fibres 
to all the flexor muscles in the forearm except the flexor 
carpi ulnaris and the inner half of the flexor profundus 
digitorum, which are supplied by the ulnar. 

The outer head of the median carries the motor fibres 
for the pronator radii teres, the flexor carpi radialis, pal- 
maris longus, and a few fibres to the flexor sublimis digi- 
torum, while at the same time it also carries sensory fibres 
to the skin of the palm of the hand, the thumb, and outer 
three fingers. The inner head of the median carries the 
motor fibres for the major portion of the flexor sublimis, 
the flexor longus pollicis, the outer half of the flexor pro- 
fundus, the thenar muscles, and the two outer lumbricals, 
but no cutaneous sensory fibres. Like the ulnar, the median 
nerve supplies part of the dorsum of the fingers, the ter- 
minal two phalanges of the index and middle fingers, and 
the outer half of the dorsum of the terminal two phalanges 
of the third finger. 

Treatment. — The treatment of median nerve paralysis 
will be on the same lines as ulnar paralysis. The nerve is 
liable to injury in the upper arm from stab wounds, but 
never suffers, like the musculo-spiral, by compression against 
the bone. In the forearm it may suffer from pressure on 
the flexor aspect, especially during sleep, or from the 
pressure of a tight bandage or splint ; but it is less common 
than ulnar paralysis from this cause. Stab woimdr 
gashes across the wrist may divide the nerve, and sonr 
it is involved in scar tissue, although the nerve n 
have been injured at the time of the original wonii 
this latter case the patient will complain of tingjlfa^ 
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thumb and two outer fi tigers, with occasional pain, which 
is evoked or increased by pressure over the site of the scar, 
I have seen a case oi partial median nerve paralysis 
thus produced by a slight amount of soar tissue in the 
upper part of the forearm, the result of a stab wound 
several weeks previously. There was slight but definite 
aQtBSthesia to touch and pin- prick over the cutaneous dis- 
tribution of the median, with weakness of the muscles 
supplied by it, and also very definite diminution of the 
briskness of these muscles to the faradic current, though 
there was no hyperexcitability to galvanism or polar change. 
The wound was reopened and the scar tissue dissected ofl, 
with the result of almost immediat« return of power. Care- 
ful testing on the morning following the operati onshowed 
that the grip was now much improved, and there was 
scarcely any detectable aniesthesia. Moreover, I took the 
faradic reactions again, and found that the briskness of re- 
action of the flexors to faradism was now much increased, 
much more like those of normal muscles. The man, aa 
artisan, declared that he found his hand was much stronger 
and less numb as soon as he came round from the anaesthetic. 

' The operation had disclosed two rings of thin scar tissue 
surrounding the upper part of the median nerve in the 
forearm, but the nerve did not appear to be nipped there 
or at all narrowed. This case is evidence that it is possible 
for actual muscular weakness, partial anaesthesia, and 
diminution of faradic excitability to result from very 
slight compression of a nerve without any destruction of 
the nerve fibres. Apparently the compression of the scai 
tissue was sufiicient partially to obstruct the conduction 
of both motor and sensory impulses along the median nerve, 
without damaging the fibres enough to set up degenera- 
tion, so that removal of the compressing scar tissue was 

■ followed by immediate improvement in the symptomsL 
It is, in fact, merely an indefinite prolongation of the eon* 
ditjon in which a nerve is when it has " gone to sleep " aa 



MEDIAN NERVE PARALYSIS 197 

the result of slight pressure. In this case the weakness, 
tingling, and anaesthesia pass away in a few minutes after 
the pressure is released. 

When the neuritis of the median is at all severe, there 
will be marked trophic changes in the skin and joints. The 
skin becomes thin and glossy, especially on the fingers, and 
sweating is often profuse. This sweating does not occur if 
the nerve is divided, until the regeneration has proceeded 
to the stage of return of protopathic sensibility. 

Besides the glossy skin, the finger pads become wasted 
and pointed, and the nails striated and brittle. Peri- 
articular adhesions form about the phalangeal joints, caus- 
ing stiffness of the fingers and sometimes considerable dis- 
tortion. Massage, passive movements of the joints, and 
persistent galvanism will be the best line of treatment, 
though great patience is required in a severe case, eighteen 
months or two years elapsing before there is much improve- 
ment. 

Sometimes a severe form of neuritis of the median and 
ulnar, and of the radial also, results from the too tight 
application of a bandage for the treatment of a sprained 
wrist or of a fracture of one of the bones in the forearm ; 
as a result, the muscles waste, with the reaction of degenera- 
tion appearing, and later, contracture of the flexors of the 
fingers. IschsDmic myositis may be combined with this 
condition. This late contracture, together with the peri- 
articular adhesions of the interphalangeal joints, cripple the 
hand for many months, from one to two years often elapsing 
before a moderately severe case recovers entirely. A useful 
method of treating such cases is by electric arm baths — a 
porcelain or earthenware bath of the required shape, li 
ing from 2^ to 3 gallons. The forearm is immersed in 
with sufficient water just to cover the skin completely, 
the electrode wires are attached to two paddle or lao 
shaped copper electrodes, the anode behind the elbow, 
kathode at the lingers. Using the constant current^ 
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current is slowly', turaed on uatil the |{alvaaomet«r maTkB 
about 40 ma. Thia Bbould be allowed to run tor about 
teD minutes, and then for another ten minutes the current 
should be diminished and reversed once a second. Owing 
to the fact that the current has an alternative path thiougli 
the water of the bath, or tbrough the water and the tissuea 
of the arm, only a proportion of it passes through the 
limb — roughly about one-third, but varying with the amount 
of water, the shape of the bath, and the extent to which the 
water covers the limb. The sinusoidal current from the alter- 
nating electric hght mains is of little use in the treatment of 
thes5 cases of neuritis, in my opinion, when tie muscular test- 
ing has shown that the muscles do not react to faradism. 
The above method of using the constant current in an 
arm I>ath is very conve,nient if the constant current is 
available on the electric hghtjng mains, because the cost of 
the current used is then negligible ; but if the only avail- 
able source of the current is a galvanic battery of wet or 
dry cells, it will be advisable not to employ this method, 
because the wastage of current will be a heavy drain on the 
resources of the battery, since two-thirds or more of tho 
current that is being used in the treatment of the limb is 
being wasted in the water. Unless, therefore, current is 
available from the mains or from a batte.ry of accumu- 
lators, both electrodes should not be placed in' the same 
arm bath, but one of the wires may be attached to a lai^ 
flexible plate electrode, and fastened around the upper aim, 
while the hand rests on the kathode (see p. 228). Wifli 
this arrangement there will be no wastage of current, all 
that is marked on the galvanometer passing through the 
tissues of the limb, and therefore not more than 7-10 ma. 
must be employed. Care must, however, be taken that the 
anode is applied to the upper arm, and that blistering of- 
the skin is not allowed to take place, owing to the uae t^- 
too strong a current, or drying up of the electrode coveM 
ing, or unequal pressure of the metal upon the akin. 
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ISCHiEMIC MYOSITIS 

Another very serious result of the too tight application 
of a bandage upon the soft tissues of the limb is ischsemic 
myositis (p. 131). This is produced by the tightness of 
the bandage squeezing the blood and lymph out of the limb, 
and thus damaging the nutrition of the muscles, so that a 
condition resembling a premature rigor mortis is set up. 
The condition was described by Volkmann, and is some- 
times known as Volkmann's contracture, and most fre- 
quently affects the biceps or flexor muscles of the forearm. 
In some of these cases the nerves and nerve endings do not 
appear to be damaged, and then there is no alteration of 
the electrical reactions, although the muscles are contracted 
and paralysed. The contracture is primary, occurring 
within a few days of the application of the tight bandage, 
and is thus easily to be distinguished from the late con- 
tracture resulting from a nerve lesion and its consequent 
muscular wasting. Moreover, in ischsemic myositis there 
will be no other sign of nerve involvement, such as an- 
aesthesia, glossy skin, wasted finger tips, etp. In the 
majority of cases, however, of ischsemic myositis that I 
have met with there have been, in addition to the primary 
muscular contracture, signs of nerve involvement by the 
pressure of the bandage, as shown by anaesthesia and re- 
action of degeneration of the muscles. 

The contracture in ischaemic myositis is very obstinate 
and resistant to treatment, prolonged massage and passive 
movements over a period of many months being the only 
remedy short of lengthening the tendons. This is some- 
times done by splitting the tendons, and then lengthening 
them, but it involves a long and tedious operation. A 
quicker way out of the difficulty practised by some surgeons 
has been to take a piece out of the bones of the forearm, 
thus shortening the whole limb, so that the flexor tendons 
will then allow the fingers to be straightened out. 
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NERVE INJURIES OF THR LOWEit EXTREMITY 
The nervea of the lower extremity are much leaa fre- 
quently injured than those of the upper, due to the facta 
that the lumbo-Bacral plexus ia shielded from injury 
in the pelvis, and alao to the greater size and atreugth of 
the thigh and leg affording greater protection to the nerve,s. 
The lumbar or aacral plexua is sometimea involved in 
syphilitic gummata, and pain in the limb with rapid muscular 
wasting should suggest the trial of anti- syphilitic remedies. 
It is true that the sciatic nerve ia much more liable to 
neuritis from cold, gout, or rheumatism than is the brachial 
plexus, and it is alao sometimea directly injured by gun- 
shot wounda or a stab. Similarly the anterior crural nerve 
may be occasionally injured by a wound in the groin or 
front of the thigh, causing wasting of the quadriceps ex- 
tensor and weakness of extension of the knee, with loss of 
knee-jerk. 

In the leg, the peroneal nerve, or external popliteal, 
as it ia also called, ia sometimes injured by pressure under 
an anseathetic, or fiy a blow where it is liable to injury 
as it winds round the neck of the fibula. This injury may 
result from a slip between a railway carriage and the plat- 
form, jamming the leg below the knee. Another cause of 
pressure on the nerve ia seen in the trade of carpenters and 
slaters, from lying on one side across the joists while at 
work on a floor or roof. Aa a result of this crushing of 
the nerve, there will be paralysis of the peronei, and of 
extension of the toea and dorsiflexion of the ankle, with 
anffiathcaia of the dorsum of the leg, ankle, and foot. There 
will be foot-drop, neceasitatlng the foot and knee being 
raised high in walking ; a steppage gait, the foot flapping 
and being turned inwards. A gouty or rheumatic neuritja 
of this nerve, or portions of it, sometimes occure, c&udng 
pain along the fioat of the leg, and weakness and waa,^ag 
of the tibialis anticus, the extensor longus digitorum, the 
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extensor longus hallucis, or of the peronei. Either one or 
more groups of these muscles may thus suffer in one leg. 

Treatment of peroneal neuritis.— In the stage of 

complete muscular paralysis, if the neuritis is a severe one, 
there will be fully- developed reaction of degeneration, 
and therefore the constant current is the only form of 
current which will evoke muscular contractions. A 
good method of giving the electrical treatment will be 
to fasten a flat plate electrode by bending it around the 
upper part of the leg, and tie it on with a bandage to 
prevent it from slipping. The electrode must, of course, be 
thoroughly wetted, and the foot then placed in water in a 
shallow foot bath. The other* electrode should then be 
placed in the water with the foot, and the current turned 
.on until a strength of 8 ma. is registered by the galvano- 
meter. The current should then be reversed in direction 
about once a second, either by working the current reverser 
on the battery by hand, or else by means of the metronome 
automatic reverser. As the faradic reactions return, with 
commencing recovery of the nerve, it is a good plan to apply 
the combined faradism and galvanism in this way, by turn- 
ing the switch of the combined battery halfway between 
F and G, or by connecting the positive pole of the galvanic 
battery to the negative ol the secondary faradic coil, and 
connecting the electrodes to the remaining two binding- 
screws, if a combined battery is not available. 

Another way of applying the current, which is also use- 
ful, is to fasten the indifierent electrode to the thigh just 
above the knee, and use a roller electrode for the treatment 
electrode, connecting it to the negative pole or kathode of 
the battery. Using the kathode thus for the treatment 
by roller electrode, a certain amount of massage is com- 
bined with the application of the electricity. Massage 
should also be given separately, best daily, and passive 
movements and movements of the muscles executed against 
graduated resistance will form an important part of the 
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treatmeiit, ae soon, as there is a slight leturu of volunttuy 
power, ot from the commencement in those slighter cases 
in whiuh the wlvole nerve liaa not Huflterei^ coinplet<^ly. 
This combioation of passive movements and the execution 
of movements against graduated resistance form the prin- 
ciple of what is usually called " Swedish massage," a 
method which is a most useful adjunct in the cure of the 
shghter cases of muscular paralyses due to neuritis, and 
in the later stages of recovery of those cases in which the 
paralysis is complete at first. 

TUBERCULAK NEURITIS 

This is CO mpar.' lively rare. I have once seen a severe 
case of multiple neuritis in which the only cause apparent 
was a widespread miliary tuberculosis, ending fatally. 
Alcoholic neuritis is common enough in conjunction with 
pulmonary tuberculosis, but in those cases the alcohol is 
the prime factor, and the pulmonary tuberculosis is largely 
dependent upon the dim.inution of resistance to tubercle 
invasion, owing to the condition of chronic alcoholism. The 
multiple neuritis in these cases is of the type familiar in 
alcoholic neuritis, but it is, of course, possible that the 
development of tubercle in an alcoholic subject may pre- 
cipitate the occurrence of multiple neuritis, by the simul- 
taneous action of two possible causes of neuritis, just as in 
the case of alcohol and arsenic. Severe brachial neuritis 
on one side I have also seen occur during the development 
of very rapid and fatal pulmonary tuberculosis on tiiat 
side. Tubercular neuritis may also affect the feet, as I 
have seen several times, causing severe, almost continuous 
pain for weeks in both feet, with wasting of the skin and 
muscles of the feet. This latter condition, with hyper- 
eesthesia of the skin of the feet, and irregular pyrexia, and 
with perha])s signs of tubercle in the lungs, kidney, or else- 
where, is, I think, characteristic of tubercular neurilas. 

Electrical treatment may be of a certain amount of OM 
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in allaying the pain^which is a proniinent feature in tuber- 
cular neuritis; The constant current should be used, with 
both the feet placed in warm water in a foot bath, together 
with the anode ; while for the kathode a large flat electrode 
is used and applied to the lower part of the back. The 
principle of cataphoresis may also be taken advantage of, 
and the foot painted first with an anodyne liniment of bella- 
donna and aconite ; or, instead of using a foot bath, the 
foot may be wrapped in lint soaked in this anodyne lini- 
ment, and a flat plate electrode attached to the anode bent 
round the foot outside the moist lint. By this means the 
belladonna and aconite will be carried through the skin by 
the cataphoretic action of the constant current from the 
anode. 

ASCENDING OR MIGRATORY NEURITIS 

is a rare affection, most commonly septic in origin. Thus, 
it may affect by extension the brachial plexus, after a peri- 
pheral twig has been involved in a septic process from a 
wound, whitlow, etc. Starting with pain along the peri- 
pheral branch of the nerve involved, local muscular wasting 
may follow, and later, wasting of other muscles proximal to 
the part first affected, by the extension upwards along the 
nerve of the septic process. The process is usually very slow, 
taking many months, or even years. I have thus seen a 
spreading neuritis of the brachial plexus, causing severe 
pains down the arm and hand, with glossy skin of all the 
fingers and fixation of the interphalangeal joints, follow an 
operation exposing the three upper nerves of the brachial 
plexus in the neck. There was a slight septic infection of 
the wound, which was followed later by pain in the hand, 
etc. "This is a most difficult condition to treat, anodvne 
liniments, menthol and chloral paint, and cataphoretic con- 
stant current being the most successful. In this case the 
anode must be applied to the neck above the clavicle, and 
the whole of the forearm should be immersed in an arm 
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bath with the kathode. Great care must be taken that 
no electrolysis of the skin is permitted, and the skin under 
the anode above the clavicle must be carefully watched 
for any signs of blistering, the anode being Hfted up gently 
every few minutes for inspection of the skin. The strength 
of current should not be more than 10 ma., and the anode 
should rest on a bed of cotton wool soaked in the anodyne 
liniment. In very severe cases, in which the pain of a 
brachial neuritis is constant and excessive, the question of 
operation for division of the posterior spinal roots may have 
to be considered. 



CHAPTER VI 

GALVANISM (continued) 

CRANIAL NERVES 

The cranial nerves are frequently involved by neuritis, 
due either to pressure from an intracranial growth or 
hydrocephalus, or to involvement in an acute or chronic 
meningitis of tubercular, sjrphilitic, or carcinomatous origin. 

The optic or second cranial nerve.— This nerve 

may be damaged by optic neuritis and a subsequent second- 
ary optic atrophy, or it may degenerate slowly from 
primary optic atrophy. The former is a common symptom 
in cerebral tumour, and in other causes of increased intra- 
cranial pressure ; while primary or simple optic atrophy 
is met with in tabes dorsalis, disseminated sclerosis, syphilis, 
Leber's family type of optic atrophy, and as a result of pres- 
sure on or lesions of the optic tracts, chiasma, or optic 
nerve behind the globe. 

Galvanism is sometimes recommended for the treatment 
of optic atrophy, usually the primary form, in tabes or 
in late syphilis. 

In the application of galvanism for the treatment of 
optic atrophy two padded disc electrodes should be used, 
one two inches in diameter, attached to the anode and held 
against the temple, while the other should be smaller, one 
inch in diameter, attached to the kathode, and gently, 
stroked over the upper lid or softly pressed under the 
eyebrow. A strength of 2 to 3 ma. should be used, and if 
the eyelid is too tender to permit of the kathode being 
stroked over it, the electrode should be pressed gently under 
the eyebrow and the current reversed at intervals of about 

205 
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once per seoond. StimTilation by this means of the normal 
retina produces a sensation of flashes of light in the eye, 
of a bluish tint, more brilliant with the kathode, and of a 
more violet hue with the anode. It is best to have the two 
electrodes close together, one on the eye and one on the 
temple, rather than that the indifferent electrode should 
be placed on the back or on the back of the neck. This is 
because with the latter method the current would be dif- 
fused through tile skull and its contente, while by keeping 
the two electrodes as close as possible the current is con- 
fined to the eye and its immediate neighbourhood, and the 
brain is thus less affected. A very convenient method ia to 
use rapidly reversed galvanism by a Leduc motor. If 
strong currents are passed through the brain by placing 
one electrode on each side of the head, and reversing cur- 
rents of more than -5 ma., intense giddJuess and nausea 
may ije produced. If the electrodes are held over the region 
of the angular gyrus on each side, coloured yellow vision 
may Ije produced. 

I have never seen so-called galvanism of the optic nerve 
do the slightest good in tjibetic optic atrophy, but it may 
be of benefit in tobacco amblyopia or in similar conditions 
of toxic amblyopia, or in retrobulbar neuritis. Galvanic 
shocks passed through the eyes are sometimes of use in 
curing hysterical blindness, and in these cases, while 
the current is being applied, the patient should be made 
to keep the eyes shut, and encouraged at the same time 
with strong leasauiances as to the improvement in vision 
that will result as soon as the eyes are opened after the 
electrical treatment is finished. 

Hysterical blindness consists of diminished acuity of 
vision of varying degree, usually with peripheral constric- 
tion of the fields. In rare cases this peripheral constriction 
is so great that only about 5° around the fijcation point 
remain, the so-called pin-point fields, which are usually 
bilateral. More commonly, there is greater peripheral 
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constriction in one eye than in the other, with, at 
the same time, greater diminution of acuity of vision, 
especially when there are hysterical hemianaesthesia and 
hemiplegia, deafness, loss of taste and smell on the same 
side. Sometimes the peripherar constriction is much more 
marked on one side than on the other, resembling somewhat 
the half-fields in hemianopia due to a lesion of the visual 
centre or of the optic radiations or optic tract. In the 
hysterical case, however, there is marked peripheral con- 
striction of the remaining half- fields in addition to the 
blindness on one side, whereas in hemianopia of organic 
origin there is little or no peripheral constriction of the 
remaining half-fields. 

Sometimes hysterical amblyopia may be so intense as 
to amount to actual apparent loss of perception of light in 
one or both eyes. The pupils will, however, react normally 
to light, unless at the same time belladonna or some similar 
drug paralysing the sphincter of the iris has been placed 
on' the conjunctiva with intent to deceive. Such com- 
bination of hysterical blindness and fraudulent dilatation 
of the pupil I have known kept up for four years, and to 
have deceived at least two eminent practitioners before the 
fraud was discovered. A combination of fraud with hysteri- 
cal symptoms is, indeed, quite common, and is probably to 
be explained by the peculiar mental attitude of the hysterics, 
who are in a condition of self-hypnotism and usually crav- 
ing for sympathy, of which they get less than they think 
they deserve. Another reason for this combination of 
hysteria with deceit is a congenital moral obliqm'ty, often 
approaching the border line of actual insanity, from which 
they suffer. This is, I think, well shown by the numerous 
cases of clairvoyants and mediums who have been detected 
in fraudulent practices to assist their performances. 

Ocular paralyses.— Paralyses of the third, fourth 
or sixth cranial nerves, causing different varieties of 
paralysis of the ocular muscles, have been in some cases 
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benefited by electrical treatment. Before attempting to 
apply the current, however, it will be neceBsary to determine 
accurately which of the ocular muscleB are at fault. 

Third nerve paralyaia.— Tliis may be due to a lesion 
of the third nucleus in Jhc floor of the aqueduct, or to a 
tumour, meningitis, fracture, or other mischief involving 
the third nerve in it-a course in the wall of the cavernous 
ainuH, or its passage through the sphenoidal fissure and the 
back of the orbit on its way to the muscles of the eyeball; 
The muscles supplied by the third or oculo-motor nerve 
are the superior, internal, and inferior recti, the inferior 
oblique, the levator paipebrffi, the ciliary muscle, and the 
sphincter of the iris. Paralysis of this nerve will, therefore, 
be followed by complete ptosis, or dropping of the upper 
eyelid, and external atrabismua, the eye being turned out- 
wards and slightly downwards, with almost complete im- 
mobility. In addition, the pupil will be medium dilated and 
fixed, and there wiU be complete paralysis of accommodatiot 

In slighter cases the ptosis may be incomplete, and there 
will be partial ability to move the eye towards the middle 
line ; or one or more branches of the third nerve may be 
picked out by a lesion of the nucleus or of a division of the 
nerve in the orbit. 

The commonest cause of third nerve paralysis is syphilis, 
due cither to a gumma or gummatous meningitis, or to tabes, 
in which disease and in general paralysis of the insane 
partial or complete third nerve paralysis is very common. 
The Argyll- Robertson pupil, or loss of pupil reaction to 
light, with preservation of reaction to accommodation and 
convergence, is also a post -syphilitic phenomenon in prac- 
tically every case, and due to nerve-cell or fibre degenera- 
tion in the neighbourhood of the third nerve nucleus. 

The electrical treatment of the ocular muscles is 

never very satisfactory, inasmuch as they are out of sigl 
and are so small that no obvious results of stimulation are 
apparent at the time. Again, the conjunctiva, throu^ 
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which the current has to be applied, is so sensitive that 
only weak currents can be employed. It is best to instil a 
couple of drops of 10 per cent, cocaine solution into the eye 
before applying the current. Galvanism should be used, 
and a good plan is for the operator to hold one electrode, 
moistened, in his own hand, and to apply the current to 
the eye with the tip of the forefinger of the other hand. 
The tip of the finger should be applied as much to the side 
of the eye as possible over the muscle which is to be treated, 
though no contraction of the muscle will be seen. The 
other electrode should be a round disc electrode applied 
to the temple, just as in treating optic atrophy. The 
duration of the application should be about ten minutes, 
the direction of the current being frequently reversed. 

Li myasthenia gravis ocular paralyses are commonly 
present, though the degree of weakness varies from time 
to time. The facial muscles almost invariably sufier 
also, especially the frontalis, orbicularis palpebrarum, 
and zygomatici. The lower jaw, too, frequently drops 
towards the end of a meal, owing to early fatigue of 
the masticatory muscles. In this disease treatment of 
the affected muscles may sometimes be of benefit, though 
not much is to be hoped for in the majority of cases. 
The etiology of the disease is uncertain, no lesion being 
present in nerve cell, nerve fibre, or muscle end-plate, 
though many of the muscles show infiltration with round 
lymphocytes. 

The fifth cranial or trigeminal nerve is a mixed 

motor and sensory nerve, carrying the sensory fibres for the 
third, fourth, fifth, and sixth and most of the seventh 
cranial nerves, four of which are exclusively motor 
in function. Paralysis of the fifth nerve will cause loss of 
power in the masticatory muscles on one side, the following 
muscles being paralysed and wasting : .masseter, temporal, 
internal and external pterygoid, mylohyoid, anterior belly 
of the digastric, and the tensor tympani. No contraction 
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will be felt in the masseter or temporal on that side when 
clenching the teeth, and in opening the naouth the lower jaw 
will fall away towards the paralysed side, owing to un- 
oppoBi-'d action of the external ptexygoid of the sound side. 
Reaction of degeneration may be obtained in the maaaeter, 
though it may be difficult to demonstrate if the overlying 
facial muscles are normal. The sensory paralysis of the 
fifth nerve will cause anajsthosia of the half of the head in 
front of a line joining the two auditory meati over the vertex.. 
This includes the forehead, eye, nose', cheek, chin, inside of 
nose, cornea, and conjunctiva, inside of mouth, tongue, 
and hard palate, the aneeethesia ceasing at the junction of 
the hard and soft palates, and the anterior pillar of the 
fauces. Usually the sense both of smell and of taste on the 
same side will be impaired or lost after a short time, owing 
to loss of the trophic influence of the nerve on the sensory 
mucous membrane. Corneal ulcer or conjunctivitis may 
develop owing to the anseathesia of the cornea, and the 
consequent accumulation of gritty particles, while the 
corneal reflex will be lost. - 

The treatment of fifth nerve paralysis will depend on 
the cause. If it is due to an intracranial gumma, iodide of 
potassium must be given in increasing doses ; but if due to 
the pressure of an intracranial growth other than aj^hilitic, 
no medicinal treatment will be of any service. Treatment 
of the wasted masaet«r and temporal may be attempted 
with galvanism, using the kathode with 6 to 6 ma. 

The chief disease of the fifth nerve in which electricity 
is likely to be of service is tiiffeinuial neuralgia. Tn 
this most sfirious neuralgia the pain mav be sometimes 
allayed by passing a constant current of 4 or 5 ma. through 
the face, placing a roimd disc electrode over one of the t«nder 
spots, such as on the cheek-boue below the eye, or at the 
side of the chin. The cataphoretic current may be made use 
of, and a saturated solution of cocaine and guaiacol should 
be applied with the anode, the kathode being fast«ned to b 
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plate electrode over the back of the neck. By this means 
the skin can be made anaesthetic under the anode owing to 
the cocaine being cairied into the tissues by means of the 
anodal diffusion. Neuralgia of the face and head may also 
be relieved in suitable cases by means of the static spray 
or negative breeze from the Wimshurst static machine 
{see p. 360). 

The seventh or facial nerve has already been dealt 
with (p. 153). 

The eighth or auditory nerve.— Electricity is some- 
times used in the treatment of deafness, galvanism being 
the best form of current to employ if tinnitus is a promi- 
nent symptom. The external auditory meatus should be 
filled with water, the head being held on one side. The 
anode is used for treatment, being attached to a laryngeal 
electrode — ^a stifi wire insulated nearly to its end, which 
is screwed into a small knob. This knob is placed 
in the meatus in contact with the water, while the 
kathode is attached to a round disc electrode and held 
against the mastoid on the same side. A constant current 
of 5 ma. should be turned on gradually, and should be 
allowed to run for ten minutes. A good plan is to combine 
this treatment with slow pulsating faradism, the inter- 
rupting hammer being so arranged as to vibrate slowly, 
about twice per second. Care should be taken not to interrupt 
the constant current, and not to use a strong galvanic 
current, as a disagreeable shock and vertigo might be thus 
produced. Considerable improvement in hearing some- 
times results from this method of treating chronic non-sup- 
purative middle-ear catarrh, with commencing labyrinthine 
symptoms. 

VAGUS AND SPINAL ACCESSORY NERVES 

Under this head are included affections of the soft 
palate, vocal cords, stcmo -mastoid and trapezii muscles. 
Paralysis of the soft palate may occur on both sides 
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in bulbar palsy due to clironic degeneration of the nucleus 
ambiguus, oi motor nucleus of the glosso -pharyngeal and 
vago-accessory nervea. It may also occur bilaterally in bulbar 
palsy due to other causes, as syringomyelia and tumouis 
of the medulla ; hut the commonest cause will be post- 
diphtheritic neuritis. On one side only the soft palate may 
be sometimes paralysed in hemiplegia, or by a unilateral 
lesion of the medulla, in syringomyelia, or by meningitis 
or tumour implicating the vago-accessory nerve on one side 
of the medulla. Lead poisoning and sypluiis may also 
cause palatal palsy. On phonation the raph^ of the soft 
palate will be drawn over to the sound side, while at rest 
the arch of the palate will hang lower on the paralysed aide. 
Stimulation of the velum by faradism will not provoke a 
contraction on the paralysed side, while by galvanism a 
sluggish contraction may be evoked ; that is to say, there 
is RD. A laryngeal electrode should be used, insulated 
except at the tip, which is rested against the soft palate, 
and interrupted or reversed galvanic shocks should l>e 
given, using a current of 3 ma. The indifferent electrode 
should be a fiat plate applied to the spine in the cervical 
region. This treatment may accelerate the recovery of the 
soft palate in post-diphtheritic paralysis, and possibly alao 
in myasthenia. In the rare cases of chronic bullwr palsy 
following diphtheria, I have seen this treatment followed 
by considerable improvement and recovery in two cases, 
though a third was not permanently benefited. 

Laryngeal paralysis.— Loss of voice, or aphonia, is 
a fairly common condition due to hysterical weakness of 
adduction of the vocal cords. There is whispering voice, 
with inability to phonate aloud ; and when the larynx 
is examined with the laryngoscope the vocal cords are seen 
to be of the normal brilliant whitti colour, but widely sepa- 
rated, and only making very slight movements of adduc- 
tion on the attempt to phonate. Proof that the adduotor 
weaknesa is functional and not organic in origin is aSoidcd 
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by the demonstration of an inconsistency in the power of 
the adductors, because, although they will not adduct the^ 
cords when attempting to phonate, yet in the reflex act of 
coughing they act perfectly and close the glottis previous 
to ttie explosive expiration producing the cough. 

This condition of hysterical aphonia is most commonly 
met with in young women, and is apt to recur at various 
times, like other hysterical symptoms. If of recent onset, 
it can often be cured at once by electrical treatment, though 
the faradic current will be much better for this pur- 
pose than the galvanic. The laryngeal electrode should 
be used — ^a stiff wire ending in a small knob, and insulated 
from its binding-screw attachment up to the base of the 
knob. This electrode can be bent into any shape, and 
when used for intralaryngeal application it should be bent 
at a right angle at a distance of two inches from its end. The 
&kiadism used should be moderately strong, and should be 
previously tested with a suitable electrode upon the thenar 
eminence, being sufficiently powerful to produce brisk con- 
tractions of the thenar muscles. The Wagner hammer of 
the &kradic battery should be set to vibrate as rapidly and 
as loudly as possible, and then, before starting the machine, 
the electrode should be rapidly introduced over the back of 
ihe tongue into the larynx, so that the knob shall lie some- 
where between the vocal cords. The battery should then 
be started, and the current application continued for 
periods of three or four seconds, the current being now 
started and stopped by a finger controlling the interrupt- 
ing hammer. This is better than using a switch attached 
to the electrode itself, such as is supplied on the handle of 
a " testing electrode." It is a much more certain way of 
stopping the current, and has the advantage of stopping 
the noise of the battery at the same time as the* current 
is arrested. 

In a great many cases of functional or hysterical aphonia 
a rapid cure will be effected by this faradic treatment, the 
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patient being encouraged to apeak after the current haa 
been turned on and off three or four times. 

Another way of treating the larynx is to use two small 
diflc electrodes, and to hold oue on each side of the neck 
against the larynx. With this method, either faradism or 
interrupted galvanic shocks can be used for stimulating 
the laryngeal muscles, and it is sometimes used in abductor 
paralysis of the cords, due to neuritis or injury of the re- 
current laryngeal nerve. 

Abductor palsy may be unilateral or bilateral; When 
unilateral, it may be due to a lesion of the nucleus or of the 
vagus between tlie medulla and the jugular foramen, from 
meningitis or a growth, or to a lesion of the vagus or recur- 
rent laryngeal in the neck ; the recurrent laryngeal on 
the left side is given ofE from the vagus in the thorax, and 
winds round the aorta, and therefore may be damaged by 
an aneurysm or mediastinal tumour. When the vago- 
accessory is damaged at the base of the brain, or by a nuclear 
lesion of the nucleus ambiguus, the soft palate, as well as 
the vocal cord, is paralysed on the same side as the lesionj 
while in recurrent laryngeal paralysis the vocal cord will 
be paralysed alone. 

Weakness of the vocal corda is a common symptom in 
mi/aslhenia gravis. In this disease the muscles soon become 
fatigued, and whispering voice after a Bpell of talking, or 
at the end of the day, is due to the fatigue of the laryngeal 
muscles. Strong faradic or galvanic shocks are not indicated 
in the treatment of myasthenia, on account of the ex- 
haustion of the muscles that can be produced by this means, 
at all events by faradism, the so-called myasthenic reaction. 

Hysterical mutism.— This is a complete loss of speech 
of functional origin, and generally unaccompanied by any 
paralytic symptoms. It is usually seen in young women 
of an hysterical type, often as the result of some mental 
aliack or prolonged anxiety. It consiata of complete losa 
of all articulate speech, with preservation of the power of 
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hearing and understanding everything spoken or written, 
and of the power of writing. It is to be distinguished from 
hysterical aphonia, and from aphasia of organic origin. 
From the former it is, of course, easily and at once distin- 
guished by the fact that in hysterical mutism the patient 
is unable to speak a single word, while from aphasia of 
organic origin the distinction may be much more difficult. 
In the mutism cases there will very likely be some history 
of nervous shock or excitement, but there will be no sign of 
right hemiplegia, such as is generally present in aphasia 
of organic origin. In hysterical mutism there will be per- 
fect ability to understand all that is said or written ; but 
the aphasic is almost invariably unable to write, and there 
may be also inability to understand spoken words or written 
characters ; that is to say, the aphasic will almost certainly 
also show signs of agraphia, and perhaps also of alexia or 
amnesia. 

Hysterical mutism is especially likely to yield to elec- 
trical treatment, but either faradism by the wire brush, or 
sparks from the static machine, should be used rather than 
galvanism* 

Laryngeal epilepsy, laryngeal vertigo, or ictus 
laryngeus, is a form of reflex epilepsy which is especi- 
ally likely to occur in the subjects of bronchitis, or in 
those who have developed a stenosis of the glottis from 
ulceration of the cords, as may happen after typhoid 
fever. The attacks are typical epileptic attacks, but 
preceded for a few seconds by a definite laryngeal aura 
of a tickling sensation in the larynx accompanied by a slight 
feeling of suffocation and vertigo, and they are quite distinct 
from the laryngeal crises of tabes. I have seen the fre- 
quency of the attacks much diminished by regular intra - 
laryngeal applications of faradism on alternate days, but 
at the same time, in suitable cases, a course of bromide 
should be given. 

The sterno-mastoid and trapezius muscles arc 
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supplied by the spinal portion of the aecesaory nerve, and 
in cascB of damage to the vago-aceesBory at the jugular 
foramen these two muscles will be paralysed and degenerate 
in addition to the soft palate and vocal cord muscles. 
These nerve fibres originate from the spinal cord as low 
down as the sixth cervical segment, and run upwards to 
join the vagus within the skull. The stemo- mastoid 
and trapezius muscles may, therefore, waste as the result 
of cervical lesions of the cord, due to myelitis or chronic 
pachymeningitis, in which case there will be additional 
symptomB of spastic paralysis involving the lower Umha, 
trunk, intercostal B, and forearms. When the spinal 
accessory is injured in the neck, the sterno-mastoid and 
trapezius will be paralysed without the . vocal cord or 
palate. This nerve may he injured by operations near 
the angle of the jaw, as for ligature of the lingual artery, 
or Ju the operation of nerve -anastomosis for facial para- 
lysis, in which the peripheral end of the divided facial 
nerve is sometimes united to the spinal accessory, sometimes 
to tlie hypoglossal nerve. The nerve pierces the sterno- 
mastoid muscle at a point higher than where it leaves it at 
its middle posterior border. Between its point of exit from 
the stemo-maatoid and its entry into the trapezius, the 
nerve not uncommonly is divided accidentally during an 
operation for excision of tubercular glands in the neck, in 
which case the trapezius alone will waste. This muscle, 
although it is also supplied by the third and fourth cervical 
nerves, generally wastes with virtual completeness — upper, 
middle, and lower fibres — as the result of such a division of 
the spina! accessory nerve. The nerve is also sometimes 
divided intentionally for the treatment of spasmodic tor- 
ticollis, on the central side of its entry into the stemo- 
mastoid muscle. As a result, of course the trapedua, fts 
well as the sterno-mastoid, will waste. 

The appearance of the back and shoulder in atrophy of 
the trapezius ia characteristic. The shoulder appears more 
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square and hollowed out, especially from behind, owing to 
the loss of the thick muscular portion attached to the 
acromion and occiput. The clavicle is now visible from 
behind, and the shoulder-blade hangs rather higher than 
its fellow, due to the lack of the downward pull of the lower 
fibres and the unopposed action of the levator anguli 
scapulsB and rhomboids. At the same time, owing to the 
loss of the middle fibres the vertebral border of the scapula 
hangs further out from the middle line of the back, and 
the scapula appears slightly winged, the lower border being 
tilted inwards by the pull of the rhomboids. 

Paralysis and permanent atrophy of the middle and 
lower portions only of the muscle on one side may result 
from injury of the third and fourth cervical nerve branches ; 
this occurred in a man in consequence of a severe fall from 
a height on to his left shoulder, causing an enormous 
hsematoma at the back of the neck. 

During the process of wasting after acute neuritis or 
injury, the electrical reactions will be those of degenerating 
muscle, RD of varying degrees being found. Treatment 
should be given by daily applications of galvanism by the 
labile method, the indifierent electrode being placed low 
down on the back, using a large round disc electrode 
for the kathode or treatment electrode, and a current of 
7-8 ma. 

In cases of division of the spinal accessory nerve, elec- 
trical treatment will be of no avail unless the divided nerve 
has been sutured. This is usually not possible after divi- 
sion of the nerve during an operation for the excision of 
tubercular glands in the neck, as the nerve is probably 
buried in a mass of glands^ and a large piece of it is probably 
excised along with the glands. If an accidental stab in 
the neck has divided the nerve, then suture followed by 
persistent treatment by galvanism may result in re- 
covery of the paralysed muscle after from six to twelve 
months. 
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Double trapesiua palsy with atrophy is not im- 
common in the muBrubr dystrophies, in which both upper 
and lowpr portions of thp muscle may coniplet^^ly disappear 
OD both sides ; but when this muscle becomes affected in 
progressive spinal muscular atrophy the upper portion 
usually remains intact until laf« in the course of the diseaa 
I have once seen complete double atrophy of the trapezii 
follow operation for clearing away tubercular glands from 
both sides of the neck. 

Bilateral atrophy of the trapezius does not cause falling 
forwards of the head unless the complexus and other deep 
cervical muscles attached to the occiput are also involved, 
as may occur in progressive muscular atrophy, or chronio 
meningitis. 

SpreQJ^el shoulder is a condition of congenital mal- 
formation of the shoulder due to atrophy or non-develop- 
ment of the middle and sometimes the lower fibres of the 
muscle, cauwng the angle of the scapula t« become tilt«d 
and to hang further out from the medial line of the back. 
In some of these cases there is present a bony junctioii 
between the upper border of the scapula and the transversa 
process of the neighbouring vertebra. 

The hypoglossal nerve supplying the tongue muscles 
may be injured by an operation about the floor of the mduth, 
or the tongue may waste on one side after the performance 
of & nerve -anastomosis operation for facial paralysis, in 
which the central end of the di\-ided facial nerve has b 
sutured into a slit cut in the sheath of the hypoglossal 
nerve. I have seen a case of facial paralysis resulting from 
nerve anastomosis which had been done two years pre- 
viously, in which the stemo-mastoid and trapezius, as well 
as one-half of the tongue, were wasted, though no improve- 
ment had taken place in the facial paralysis. The ton 
also wastes, usually bilaterally, in chronic bulbar patalyus, 
due to an atrophy of the hypoglossal nucleus. This o« 
as a late event in the course of amyotrophic lateral sdeimi^ 
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or progressive muscular atrophy, in syringomyelia, and 
tumours or vascular lesions of the medulja. The tongue 
appears small and wasted, and is much ridged, with fibrillary 
tremors ; while the patient cannot protrude it beyond the 
teeth.- 

Stimulation of the tongue by faradism or galvanism 
will show diminished muscular contractions to both currents. 
One electrode may be held in the patient's hand, while the 
bare end of the other wire is used as the testing electrode. 
In injuries to the nerve, or in other cases of rapid wasting 
of the muscle, the reaction of degeneration will be foimd. 
While testing with galvanism, only a few cells should be 
used, sufficient to give a current of about 3 ma. The 
galvanic current stimulates the nerve endings of the sense 
of taste, so that an acrid metallic, coppery taste will be 
noticed by the patient. This is stronger to the kathode 
than to the anode. This taste will also be perceived 
when the face is being treated for facial paralysis by 
galvanism. 

In myasthenia gravis benefit may sometimes follow per- 
sistent treatment of the tongue, palate, and pharyngeal 
muscles with galvanism, in those cases in which the bulbar 
symptoms of weakness are prominent. In this disease there 
is usually no recognisable wasting of the tongue, though 
there may be considerable weakness of the upper and lower 
facial muscles. In chronic bulbar paralysis, due to nuclear 
lesions, there is almost always paralysis and wasting 
of the orbicularis oris together with the atrophy of the 
tongue. In rare cases of chronic bulbar palsy there may 
be also great weakness of some of the upper facial muscles, 
the orbicularis palpebrarum and the frontalis. Daily in- 
creasing injections of strychnine, with persistent galvanism, 
may occasionally cause marked improvement, though in 
the common type of chronic bulbar palsy sequent to 
amyotrophic lateral sclerosis I have never ^een galvanism 
to be of the slightest service. 
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Bulbar symptoms without muscular wasting may also 
occur from sjrmmetrical lesions above the medulla, in the 
pons, crura cerebri, internal capsules, or of the motor 
cortex. This condition is then known as pseudo -bulbar 
palsy. Electrical treatment is of no benefit. 



CHAPTER VII 

GALVANISM (corUinued) 
PBRIPHBRAL OR MULTIPLE NEURITIS 

With the exception of lead neuritis, which is practically a 
motor neuritis and confined to the upper extremities alone, 
multiple neuritis is most commonly due to chronic poison- 
ing with alcohol. It is a fairly conmion sequel to diph- 
theria, sometimes to diabetes, and occasionally to arsenical 
poisoning, rheumatism, septicaemia, and other fevers. In 
tropical countries multiple neuritis occurs after beri-beri and 
malaria {see p. 152). It is thus always due to some cir- 
culating toxin or infective process, and the nerve lesion con- 
sists of a primary parenchymatous degeneration of the axis 
cylinders. The condition is usually acute or subacute, but 
alcoholic neuritis may become almost chronic, as the drug 
is continually renewed after each period of forced abstin- 
ence and the subsequent improvement in the symptoms. 
Lead neuritis, in the large majority of cases, is purely motor, 
neither pain nor muscular tenderness, nor trophic symp- 
toms in skin, nails, or joints appearing ; painful cramps in 
the muscles, especially in the calves, are not uncommon. 
In most other forms of peripheral neuritis the inflammation 
of the nerves is of mixed type, motor as well as sensory, 
though often in post-diphtheritic and sometimes in arsenical 
and in diabetic neuritis the symptoms are almost entirely 
sensory ; numbness and anaesthesia of the legs, with ataxic 
gait, are often prominent, with little or no evidence of mus- 
cular weakness or foot-drop, so that these cases have earned 
the title of " pseudo-tabes." 

Treatment, — In the acute stage of multiple neuritis^ 
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when there is much pain and tendemet^, it will Dot be 
advisable to employ galvanism in the treatment unless it is 
possible to apply it in the form of the galtanic dectric both. 
In the most acute cases the pain and hyperiEsthesia may be 
so intense SB to necessitate wrapping the limbs in cotton- 
wool. Until this excessive tenderness passes off, no gal- 
vanism, massage, or strychnine injectionB will be tolerated. 

In the less severe caaee both massage and galvanism may 
be employed daily from the commencement ; the labile 
method of applying the current should be used, the indiffer- 
ent electrode being fixed to one of the timbe t« be treated, 
and the kathode being used for the active electrode, em- 
ploying a large padded disc electrode, with a current of 
6-S ma. 

Care is necessary in many cases of multiple neuritis to 
prevent contractures of the hamstrings and gastrocnemii, 
from the legs remaining constantly flexed and the feet 
dropped. Passive movements, regularly applied, will 
counteract this tendency. 

OCCUPATION NEITROSKS 

Various forms of fatigue spasms are met with, the com- 
monest of which is known as " writer's cramp," or "scriv- 
ener's palsy." 

An occupation neurosis declares itself mainly by four 
symptoms— spasm, weakness, pain, and tremor — the 
symptoms being referred especially to the part of the limb 
or body which is concerned with the repeated movement 
of the particular occupation. Thus, in writer's Cramp the 
spasm affects particularly the small muscles of the hand 
moving the thumb and index finger, so that the pen oi 
pencil is held with increasing difRculty and is either dropped 
or forced through the pa)>er by jerky movements. At the 
same time, the hand is tremulous in writing, and neuralgic 
pain is complained of in the wrist and forearm, especially 
the front of the wrist and near the elbow. These symptoms 
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in true writer's cramp are only noticeable during the act of 
writing, the Hand and limb being perfectly normal for other 
movements. The disease is more likely to declare itself 
in a neurotic subject, with a family heredity for nervous 
ailments, as hysteria, epilepsy, insanity, etc. It is most 
common in those who have long hours of cramped writing 
to do, as in lawyers' clerks, rather than in those who cul- 
tivate a free style of writing, as reporters. 

Exciting causes that are usually present are domestic 
worry about money affairs, illness, and other family troubles. 
It is often precipitated by some local disease affecting the 
arm, as muscular rheumatism due to a draught blowing 
from an open window on the right side, periostitis, or even 
the commencement of some organic spinal disease, as pro- 
gressive muscular atrophy or syringomyelia. Or, again, 
the limb may be congenitally weak from some such cause 
as an infantile hemiplegia, or a slight attack of infantile 
paralysis in early childhood. In the treatment of writer's 
cramp it is, therefore, most necessary to inquire closely 
into the onset of the affection, and not only to examine the 
limb itself for any signs of local disease, but also to examine 
the nervous system thoroughly for any signs of grave 
organic disease. If any such local or general cause is found, 
the treatment must be in the main directed towards its 
cure, if possible, though at the same time rest for the limb, 
and perhaps electric baths, may be beneficial. 

Treatment. — In the treatment of ordinary writer's 
cramp, absolute rest from writing is the essential part ; 
while daily massage, galvanic arm baths, and if possible 
a change of air and scene, with a complete rest from business 
and other worries, will help in completing the cure. In the 
slighter cases adoption of a different pen and style of 
writing may arrest the progress of the disorder, or if the 
patient cannot leave his business it may be possible for him 
to perform most of his writing with his left hand. Electrical 
treatment alone of occupation neuroses is almost certainly 
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doomed to failure ; but in conjunction witli the treat- 
ment outlined above various forms of electrical treatment 
may be of service. 

Otlier occupation neuroBcB that are met with are tele- 
graphist's cramp, piano and violin player's cramp, hammer- 
man's cramp, and many beaidea. Cessation of the particu- 
lar occupation k essential for them all. 

There is another form of writer's cramp met with in 
excessively neurotic individuals, in which the muscular 
Bpasm and inability to write arc most marked at the com- 
mencement of the day's work, or if anyone not perfectly 
familiar to them is near or watehing them. This is not a 
fatigue spasm, but a habit spasm, or tic, and has been 
called " pBeudo-writer'B-cramp." I have seen this form 
associated with morbid ideas of seif-consciousness and 
mental depression. Such cases require general moral tonic 
treatment, sometimes Weii-Mitehelj treatment, change of 
scene, ete., rather than cessation from writing, massage, and 
galvanism to the arm. 

SPASMODIC TORTICOLLIS 

Or spasmodic wryneck, is a form of spasm closely allied to 
the occupation neurosts. Indeed, the spasm turning the 
head to one side may be originated by the constant repeti- 
tion of one movement, as in drawing a thread through 
leatiier, swinging a riveting hanuner, ete. The condition 
is to be distinguished from wryneck due to oi^anic caoses, 
such as rheumatic fibrositis of the neck muscles, cervical 
caries, enlarged glands. In these cases the neck is fixed 
in one position, and there is usually definite pain on move- 
ment, while in spasmodic torticollis the neck twist is usually 
a clonic spasm, and though perhaps distressing through its 
frequency and intensity, yet the spasm cannot be said to 
he actually painful. It is, in reality, a form of tic 
habit spasm, and is a morbid reiteration of a movement 
originally voluntarily performed either on account of 
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peripheral irritation, or on account of defective vision of 
the eye on that side, or for some similar reason. Constant 
repetition of the movement, though entirely volimtary at 
first, gradually becomes more and more automatic at last 
in response to the idea of the movement, so that the spasm 
becomes riotous in degree as the volimtary inhibition is with- 
drawn. Thus the spasms are usually worse when the 
patient is alone or unobserved, and, indeed, the patient 
may have difficulty in demonstrating the morbid condition 
to the medical attendant. 

Spasmodic torticollis is more frequently towards the 
left side, and consists of clonic spasms of the right stemo- 
mastoid, usually in association with the left upper trapezius, 
splenius, complexus, trachelo -mastoid, and oblique muscles. 
Occasionally the head is turned to the right, and then the 
left stemo-mastoid with the right posterior cervical muscle 
will be concerned in the faulty movement. There are genei - 
ally to be found in the patient other signs of nervous in- 
stability, deficient will-power, hysteria, or other hereditary 
neurosis. Echolalia, or the impulsive repetition aloud of 
words or sentences just spoken either by the patient or by 
those around, is a curious psychical symptom sometimes 
combined with spasmodic torticollis. 

In the treatment, any peripheral cause for the origina- 
tion of the movement must be attended to, and regular 
exercises of the head and neck muscles should be performed 
daily before a mirror. Massage to the affected muscles, and 
also galvanism, may do some good. In certain obstinate 
cases where the spasm is only to one side, with little or no 
bilateral retrocollic spasm, division of the spinal accessory 
nerve on one side, with division of the posterior branches 
of the four upper cervical nerves on the other, may effect a 
cute. Relapse, on the other side, is imfortunately some- 
tinies met with. 

GFalvanism should be applied as a constant current ol 
3 to 4 ma. to the back of the neck and to tlae atetiio-TXi^^W\^ 
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afiected by the spasm, Tte positive pole should be applied 
over the muscle near its insertion into the olavicle, using a 
round disc electrode IJ inches across ; while the negative 
electrode, as a flat plate, is appHed to the nape of the neck. 
The current should be applied twice a day for fifteen minutes 
at a time, and at the same time gentle faradism of the oppo- 
site sterno-mastoid will ^s^ally increase the good eSeet. 

RAYNAUD'S DISEASE 

This is an extreme form of vaao-motor tropho-neurosia 
or defective circulation, the slighter forms of which are 
familiar to us as dead fingers and ch3Uains. In Raynaud's 
disease the extremities become cold and blue, and loss of tissue 
from small patches of gangrene are of not unfrequent occur- 
rence along the edges of the ears and the pads of the fingers, 
Occaaionaily larger areas of necrosis are seen involving one or 
more finger or toe joints, and even the whole foot may be 
lost above the ankle in this way. The condition is usually 
more or less aymmetrioai. There is generally little or no 
pain, the sensations being more of numbness and deadness. 

Raynaud's disease is to be distinguished from chronic 
ergotism, from erythromelalgia, and from local asphyxia and 
cyanosis due to endarteritis and peripheral neuritia. J 
also possible that the cyanosis of the extremities due to 
congenital heart disease might be mistaken for it, or the 
blue pigmentation due to silver poisoning, or to the taking of 
methylene blue or acetanilide. In erythromelalgia the 
affected extremity swells up and becomes hot and livid, 
with swollen veins when the limb is hung down for a few 
minutes, though there may be little or nothing abnormal to 
be seen when the limb is kept raised. The pain, too, is 
then throbbing and severe. These two points serve to dis- 
tinguish it from Raynaud's disease, and it is, moreover, 
usually associated with local endarteritis, neuritis, or boiiu 
spinal disease as tabes or disseminated aclerosis. 

Treatment.— Raynaud's disease is best treated witi 
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constant current galvanic baths given daily, the limbs 
being carefully kept covered and warm in the intervals, 
in the winter time loose gloves being constantly worn. The 
baths may be either full hydroelectric galvanic baths, as 
already described, or the applications may be local by means 
of arm baths or foot baths. If more than one limb requires 
treatment, the current may be passed through the body 
of the patient from one arm bath to the other, as in the 
four-cell Schnee bath. The current should not be inter- 
rupted, but should be given continuously for twenty minutes 
at a time daily. If only one arm requires treatment, the 
limb should be placed in an arm bath, with the forearm im- 
mersed up to the elbow, the fingers just reaching the elec- 
trode at one end of the bath. About 30 ma. of current 
should be used, of which it may be reckoned that 10 ma. 
are affecting the forearm and hand, the rest passing between 
the electrodes through the water only. If both arms re- 
quire treatment, two arm baths should be used, and one elec- 
trode dipped into one, and the other electrode into the other 
bath. Then, with both forearms immersed in the water, 
the current should be turned on gradually until 10 ma. of 
current are registered, and allowed to run for twenty minutes. 
The arm which has the positive electrode in the bath one 
day should have the negative electrode the next day, and 
vice versa. No acid or salt should be put in the water, since 
this addition diminishes the resistance of the water, and 
thereby wastes more current. 

An ordinary galvanic battery of eighteen cells will be 
quite easily capable of supplying the 10 ma. of current 
between the two arm baths if the cells are dry cells and new ; 
but if only a single bath is used, with both the electrodes 
dipping into the water, it will be rather too great a strain 
on the small cells of an ordinary dry-cell battery, since they 
will be supplying current three times as fast as in the former 
case, and will therefore be worn out more quickly. As an 
alternative, one large plate electrode, well covered with 
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flannel or other wetted material, may be wrapped round the 
upper arm above the level of the water in the bath, care 
being taken that the electrode does not touch the water 
at all. Then all the current that is used is confined to the 
tissuee of the forearm if only the hand is dipped in the water 
with the other electrode. If, however, the forearm be 
completely plunged in the water, and the electrode applied 
to the upper arm, most of the current is dissipated into the 
water in the region of the elbow, and does not affect the lower 
part of the forearm and hand unless nearly as much current 
is used as when both the electrodes are dipped into the 
water, one at each end of the bath. Erythromelalgia may 
be also beneficially treated by this means. 

CHILBLAINS (ERYTHEMA PERNIO) 
ChilhlainB, one of the circulatory tropho -neuroses, is a 
condition somewhat allied f« dead fingers and Raynaud's dis- 
ease, but produces different effects. There is more swelling 
and itehing and less cyanosis than in Raynaud's disease, 
followed by peeling of the skin, and in bad cases by crack- 
ing and bleeding of the skin. Though there is never gan- 
grene as a result, the effect of the temporary malnutrition 
on the tissues is seen upon the nail as it slowly grows foi^ 
wards, a deep furrow corresponding to the dat« of the chil- 
blain, and showing its effect upon the nutrition of the 
matrix of the nail. 

Tresttment. — ^Various methods of treatment have beea 
advocated for chilblains, one of the more recent being 
the administration of calcium salts by the mouth, on the 
supposition that the inflammatory swelling of the chilblain 
is an cedema dependent upon a diminished percentage ol 
calcium salts in the blood. Some cases, undoubtedly, do 
benefit by tliis treatment, but certainly not all. Ichthyol 
by tiie mouth has also been strongly advocated. Probably 
the most effective and reliable treatment is by means of 
electricity. A very efficient method, if begun sufficiently 
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early, before the chilblains have reached the cracked ^nd 
bleeding stage, is to use combined faradism and galvanism 
in arm and foot baths. A large electrode attached to ike 
positive pole should be wrapped round the arm over the 
elbow, and the hand placed spread out in water over another 
pad electrode attached to the kathode. The constant cur- 
rent should then be turned on until the galvanometer indi- 
cates 5 ma., and then the faradic coil current should be 
turned on gradually until the muscles are gently tetanised. 

It is to be remembered in administering combined gal- 
vanism and faradism that the galvanic and faradic batteries 
must be coupled up in series (see p. 24) ; that is to say, that one 
pole of the faradic battery is to be connected with the pole of 
opposite sign of the galvanic battery ; while the wires lead- 
ing to the electrodes for treatment are attached to the 
two remaining binding-screws, one on the faradic battery 
and the other on the galvanic. In combined batteries pro- 
vided with a de Watteville switch so that either current 
or both can be led out of the same pair of binding-screws, 
the battery should always be tested after being sent home, 
as the instrument makers, even when skilled electricians, 
do not always pay attention to this point. For instance, 
supposing the battery were originally fitted up with wet 
Leclanche cells, and the two cells for driving the faradic 
coil when exhausted have been replaced by dry cells ; it 
will then be necessary to reverse the wires connecting the 
poles of the cells, as with dry cells the centre rod is carbon 
and the outside case is zinc, the reverse arrangement to 
that in some wet cells, while other wet cells have the zinc 
placed outside the carbon, as in the dry cells. 

Faradism has a better effect on chilblains than has the 
direct current, and is more pleasant when given in a water 
bath. The effect of the soaking of the skin in water is not 
good, however, especially in cold weather, in those peiso* 
with bad circulations who are liable to chilblains, and it 
therefore preferable to use a form of electric treatment 
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which moistening of the akin is not necessary. For this- 
reason treatment by high frequency currenta is preferabli 
using vacuum electrodes on the condenser couch, the vacuum 
electrodes being applied locally. 

GRAVEa'S DISEASE 
Exophthalmic goitre, or Basedow's disease, ; 
named on the Continent, ia partly a neurosis, and partly 
due to faulty metabolism, from excessive hypersecretion 
of the thyroid gland. The three most important symptoms 
are tachycardia, exophthalmos, and goitre. In addition, 
staring eyes, due to retraction of the upper eyelids, tremors, . 
flushes and sweats, vomiting, diarrhrea, amonorrh(Ba^ 
antcmia, pigmentation of the skin, insomnia, and other' 
neurasthenic symptoms, and even mania, may supervene.' 
Rarely, some of the symptoms maybe unilateral, such a 
goitre, the exophthalmos, the flushes, sweats, and pigmenta" 
tion. The disease is very uncommon in men, being usually 
limited to young women, generally commencing betweed 
twenty and thirty, though it has been met with undc^ 

twenty. There is often a history of mental shock o 

such as nur^ng a sick relative ; and there is often a hi&toi 
of other neuroses in the same family, such as torticollis of ti 
spasmodic type or " torticolis mental " of Brissaud, epil^ 
insanity, or migraine. The disease is often very re«i 
to treatment, and may contijiue for several years, 
sionally atrophy of the thyroid, with all the symptonu B 
myxosdema, has followed some years later. 

It is not every case which presents all the typical symf 
toms as described above. The most easily recognised aymj 
torn is the staring eyes, due to the retraction of the upj 
eyelids, thus exposing the white sclera aromid the c 
If this symptom, described by Stellwag, von Graefe, t 
others, is absent, as sometimes happens, the disease maj 
eaaify be mistaken. The most constant aymptotn 
tachycardia, and ccrtiiin cnBes present the symptojq 
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sistent tachycaidia wiHiont any ocular symptoms or goitre ; 
and yet from lie histoiy of Hie onset, with the presence of 
otlier nenrast^nic symptoms, flushes, sweats, etc., it is 
probable that these cases are to be classed in the same 
group as Griaves^s disease, and they are sometimes spoken 
of as " larval Graves's disease." 

Treatment. — ^The treatment of Graves's disease may be 
grouped under four headings : 

1. General management of the case. 

2. Drug treatment; 

3. Operation for removal of the thyroid gland. 

4. Electrical treatment. 

1. The general management of a case of Graves's disease 
is perhaps the most important part of the treatment. Rest, 
both physical and mental, is essential, avoidance of worry 
and excitement, and regular hours. Quiet country life, with 
gardening as an occupation, an hour's rest before lunch, and 
half a mile as the limit for a daily walk, should be the line 
of treatment, if possible, for a year or two. If the tachy- 
cardia, dyspnoea, and other symptoms are severe, complete 
rest in bed or on a long couch must be insisted on for several 
weeks. 

2. The drugs that are usually employed in the treatment 
of this disease are digitalis, belladonna, and bromides. More 
recently, on the suggestion of Moebius, a drug named 
arUithyroidin has been employed. This is prepared from 
the serum of sheep whose thyroid glands have been pre- 
viously removed by operation. I cannot say I have seen 
any particular benefit follow in cases in which I have used 
it. It is, moreover, costly. 

3. Removal of the whole or part of the thyroid gland 
has been many times performed in an attempt to remove 
what was thought at one time to be the sole morbid process 
of the disease, namely, hypersecretion of the thyroid 
gland. Disappointment followed because the trcatm(»nt was 
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founded on a faulty pathological has'm, since it is now clear 
that the nervous system is primarily at fault, and that the 
excessive functioning of the thyroid gland is only one part 
of the mechanism of the disease. If the whole gland is 
extirpaffid there is danger of the disease being complicated 
by the symptoms of myxcodema. One lobe of the gland is 
sometimes removed, and benefit has undoubtedly fol- 
lowed in certain cases ; but it is more than doubtful whether 
the benefit is not due to the moral shock of the operation 
rather than to the actual removal of the glandular tissue. 

Operation is sometimes urgently needed when there is 
evidence of compression of Hie trachea or tesophagus, caus- 
ing dyspnceaor dysphagia. Division of the isthmus of the 
giand may then sufBce to release the trachea from pres- 
sure. 

4. Electrical treatment.— Various methods have been 
advocated by different observers ; namely, treatment by 
the faradic current, by galvanism, by X-rays, by cata- 
phoresia with iodine, and by electrolysis of the gland. 
Vigouroux's treatment by means of faradism was strongly 
recommended by Charcot. The method consists of four 
different modes of apphcation of the current : (a) faradisa- 
tion of the carotid, {b) faradisation of the eyeballs, (o) 
faradisation of the goitre, {d) faradisation of the prtecor- 
dium, 

(o) Carotid faradisation. — The positive pole of the in- 
duction coil is attached to a large electrode apphed to the 
cervical spine, while Ihe negative electrode, which is small 
and olive-shaped, is pressed on the carotid artery, ^ inch 
below the angle of the jaw, between the tip of the hyoid 
bone and the anterior bordex of the st^mo- mastoid. The 
electrode is pressed on the vessel until the pulsations are 
felt, the head being turned shghtly away. The vibrations 
of the interruptor should be rapid and the strength of the 
current just enough to throw the platysma into gentle con- 
traction. This is continued for one and a half minutes, the 
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process being then repeated on the other side. Diminution 
of the pulsations, pallor of the skin, and lowering of the 
surface temperature follow, effects which last longer 
after repeated applications. 

(b) Faradisation of the eyebaUs. — ^This is done by pass- 
ing the same olive-shaped electrode around the eyes, using 
just sufficient strength of current to produce contractions 
of the orbicularis. This should be done for two minutes 
on each eye, the object being to cause contraction of the 
blood vessels at the back of the orbit, since it is largely the 
congestion of the fatty tissue at the back of the eyes which 
causes the exophthalmos. 

(c) Faradisation of the goitre, — ^Leaving the electrode on 
the cervical spine in place, the olive-shaped electrode should 
be changed for a small flat one about IJ inches square. 
This should be placed over the thyroid just above 
the epistemal notch, or, if the goitre is large, it should be 
placed alternately on each lobe for two minutes. 

This treatment is supposed to cause contraction of the 
arteries in the goitre, and to produce an effect on the in- 
ternal-secretion. That the arteries in the gland are much 
dilated in Graves's disease is evident from the loud bruit, 
systolic in time, that can be heard there by placing the 
stethoscope over the goitre. This bruit is never heard over 
the goitre in cases of cystic or parencyhmatous bronchocele. 

(d) Cardiac faradisation, — A small flat electrode at- 
tached to the positive pole of the secondary faradic coil 
is placed on the third left intercostal space over the heart 
and a current just strong enough to produce weak fibrillary 
contractions of the pectoral is applied for between two and 
three minutes. 

As a result of this treatment, after repeated sittings a 
rapid improvement, with diminution of the symptoms, is 
said to occur, the tremor and goitre being the first to sub- 
side, while the exophthalmos and tachycardia are more 
obstinate and persist much longer. 
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Another method oi electrical treatment of Graves's 
disease is Ly //(dvantsation. For thia purpoae a well-padded 
flexible electrode of 5 inches by 4 inches is attached to the 
negative pole and carefully applied over tie goitre, bo that 
it is in perfect apposition with the skin and pressing 
evenly over the thyroid swelling. The positive elec- 
trode is applied to the back of the neck, and a steady 
current of 15 to 25 ma. passed through the goitre for twenty 
minutes. It is to be remembered that in Graves's disease 
the electrical resistance of the sldn is less than in normal 
persona, and therefore a less number of cells will be re- 
quired to send a given niilliampereage of current through 
tile skin than in other caaea. For thia reason great care 
must be taken with the negative electrode over the goitre, 
as owing to the thinness of the skin there, it ia very easy 
to produce an unpleasant burn through unequal pressure 
of the pad, or through using too strong a current. Not 
more than ]0 ma, should be used for the fbst few minutes, 
and care must be taken that the pad ia thoroughly wetted. 

Of the two forms of electrical treatment, galvanisation 
is in the majority of cases to be preferred to faradisation for 
the treatment of Graves's disease ; but if dyspncea is present 
as a symptom, electrical treatment ia contra-indicated and 
surgical aid is probably necessary. 

LEUK-EMIA AND SPLENIC ANAEMIA 
may also be treated with advantage in some cases by means 
of galvanisation to the enlarged spleen. The size of the 
electrode to be applied over the spleen must varj- with the 
size of the organ ; if the spleen reaches beyond the navel 
in an adult, a pad electrode of about 7 inches by 4 inches 
should be applied closely over it, and kept in position on the 
abdomen by means of a wide bandage. A similar electrode 
should be applied over the posterior pole of the spleen 
close to the spine. Care is to be taken in all such applica- 
tions fif galvanism that the pad is tlioroughly wetted and a 
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in close apposition to the skin over its whole area. The 
electrode over the spleen in front is to be attached to the 
negative pole, and a current of 15 to 20 ma. gradually turned 
on and allowed to run steadily for twenty minutes. Per- 
sistent daily treatment by this means has been recorded to 
produce considerable amelioration in the symptoms, and 
I have certainly seen great improvement in the size of the 
spleen, with marked reduction in the leucocytosis, occur in 
leukaemia after the galvanic treatment had replaced the 
treatment by arsenic, when arsenic alone had apparently 
done nothing but provoke severe bilateral herpes zoster on 
the trunk. 
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CHAPTER VI ri 

GALVANISM (concluded) 

ELECTROLYSIS 

This method of employment of the galvanic current ia 
largely used for the destruction of ntevi, hairy growths, and 
superfluous hairs and small moles upon the skin. It has 
also been employed In the treatment of aneurysm, uterine 
fibroids, scars, and strictures. 

By electrolysis is meant the decomposition of a sub- 
stance into its chemical elements, by the passage of an elec- 
tric current through it. The current must be constant in 
direction, or chemical decomposition does not occur. 

Electricity appears to be conducted in one of three 
ways ; [a) by radiation, aa in the aerial waves of wireless 
telegraphy ; (6) by metallic conduction, in which the con- 
dition of the conductor is not altered by the passage of the 
current ; (c) by electrolysis, in which the conducting sub- 
stance is decomposed by the passage of the current. 

Theory of ions. — According to Arrhenius, substances 
in solution may be divided into two classes : those whose 
molecules undergo dissociation into their elements, and 
those whose molecules do not dissociate. Substenees of 
the former class are the electrolytes ; those of the latter are 
non-electrolytic. The only substances which are electro- 
lytes are the acids, bases, and salts. Uther substances, such 
as sugar, urea, albumen, and colloids do not dissociate 
at all when in solution, and therefore are not elec- 
trolytes. 

Water that is chemically pure ia a non-conductor, and 
ihorefoi'e to render water a conductor of electricity it is 
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necessary to add to it a small quantity of an acid, an alkali, 
or a salt. 

When one of tHese substances is in solution, a certain 
number of its molecules are dissociated into the two atomic 
or molecular groups composing \t — the hydrogen or metal 
with a positive charge of electricity, and the acid radicle 
with an equal negative charge. It is these groups that 
Arrhenius has named " ions." Thus, common salt is dis- 
sociated into the ions Na and CI, sodium and chlorine, while 
sulphuric acid is dissociated into two ions of hydrogen and 
the ion SO*. The more concentrated the solution the fewer 
are the molecules that are dissociated into their constituent 
ions, whilst in a very dilute solution all the molecules may 
be dissociated into ions. When a constant current i^ 
passed through such a solution between two electrodes, the 
electro-positive ions — that is to say, the bases such as 
sodium, potassium, hydrogen, and other metals — ^will be- 
come positively charged ^nd will be therefore repelled from 
the positive pole and attracted towards the negative or 
kathode ; these ions are therefore called kations, or cations. 
The electro-negative ions — oxygen, chlorine, iodine, acid 
radicles, etc. — ^will become charged negatively and will be 
therefore repelled from the negative and attracted to the 
positive pole or, anode. These ions are therefore called 
anions. The same element may be electro-positive in one 
combination and negative in another. Thus hydrogen is a 
kation in the solution containing hydrochloric acid (HCl), 
whilst in a solution of potash (KOH) the potassium acts as 
the kation and the hydroxyl group OH is the anion. The 
rapidity of the movement of the ions in the electrolyte — ^that 
is to say, the rapidity of the electrolytic action — varies 
directly with the voltage of the current, and also with the 
temperature, cold diminishing and heat augmenting the 
action. The lighter the molecular weight of the ion 
the more rapidly will it diffuse under the action of the 
current. Hydrogen has the lightest molecular weight 
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of all known Bubatauces, and its ion moves the moafc 
rapidly. 

The method of conductaon of the galvanic current through 
the Hving Twdy is by means of electrolytic action, and it is 
by the application of the theory of ions just described 
that the administration of drugs through the sldn by means 
of the galvanic current is to be explained. This process has 
been already referred to under the title CatapllOresiS. 
Iodine and salicylic acid are the two drugs used by this 
metliod whose ions are usually electro-negative in their 
chemical relations, and therefore act as anions. On that 
account these drags must he applied to the skin by means 
of the negative electrode, since being anions they will be 
attracted towards the positive pole, and will therefore pene- 
trate the skin and enter the tisanes when placed under the 
negative electrode or kathode. The iodine may be either 
painted on the skin, or a solution of iodide of potassium 
may be used to soak the padded kathode in. This treat- 
ment is used for rheumatic joints, and sometimes for en- 
larged glands, aa in lymphadenoma. Salicylic acid is best 
used as a dilute solution of salicylate of soda appUcd to the 
kathode or negative electrode. The acid or salicyl radicle 
under the action of the galvanic current will then enter 
the tissues on its way to the positive pole. Cataphoresis, 
with salicylate of soda, is sometimes very useful in neural- 
gias, and especially iu rheumatic neuritis, as sciatica or 
brachial neuritis {see p. 169). 

The metals and the alkaloids will act as kations during 
the passage of a galvanic current, and in order to cause 
them to penetrate into the tissues by means of cataphoresis 
it will be necessary to apply their solutions to the anode or 
positive pole. Lithium is thus used in the treatment of 
gouty joints, and in so-called rheumatic gout. A solution 
of lithium chloride or carbonate is applied on lint under 
the positive pole t« the joint requiring treatment, while at 
the same time iodine may bo painted on the skin under the 
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kathode, or the kathode may be soaked in solution of 
potassium iodide. If a large joint, as the knee joint, is 
affected, the anode and lithium may be applied on the elec- 
trode moulded closely around one side of the joint, while 
the kathode and iodine may be similarly applied on the 
other side of the joint. It was Edison who, in 1890, first 
suggested the use of lithium by this means for the solution 
in the tissues of the gouty deposits of biurate of soda ; 
for urate of lithia is soluble in 116 times its weight of water, 
while urate of soda requires 19,000 times its weight of water 
for solution. Thus the foot or hand which is to be treated 
is placed in a bath of hot water containing 2 per cent, of 
lithium chloride, and attached to the positive pole ; while 
the negative electrode, as a large plate, may be applied to 
the spine. A current of 40 or 50 ma. should be used for 
twenty or thirty minutes, great care being taken that it is 
not suddenly interrupted. 

Zinc ions are recommended for the treatment of rodeUt 
ulcer, the mode of application being by means of bare zinc 
button-shaped electrodes of different sizes attached to the 
positive pole. 

All the alkaloids are electro-positive, and so are at- 
tracted towards the negative pole. To force them through 
the skin by means of a galvanic current, therefore, they must, 
like the metals, be applied by means of the anode or posi- 
tive pole. The alkaloids thus used are cocaine, morphine, 
aconite, and quinine. Each of these has been used for the 
treatment of neuralgias, such as tic-douloureux. If a solu- 
tion of aconite or cocaine be applied to the positive pole 
and held against the skin while a galvanic current is passed 
for several minutes, it will be foimd that the skin is more 
or less anaesthetised, a prick not being felt as sharp. 

That drugs are undoubtedly introduced into the tissues 
by means of cataphoresis has been abundantly demon- 
strated, Leduc's experiment with two rabbits showinr 
clusively that one of the animals can be killed 
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introduction of stryclmme or cyanide by this process. In his 
esperiraent two rabbits were fastened side by side upon a 
board, and two pad electrodes wece closely applied to each, 
one on each side of the back of the animal, bo that there were 
four pads in a row — A, B, C, D. A was coupled to the 
positive pole of the batf«ry and D to the negative, while 
B and C were joined together by a wire, the two aoimals 
being thus coupled up in series with a galvanic battery. 
The pads A and D were soaked in a solution of common salt, 
and the pads B and C in a solution of sulphate of strychnine. 
The current was then turned on gradually, about 50 ma. 
being used. After some time it was found that the C D rabbit 
developed increased de«p reflexes, and later still died in con- 
vulsiona. When another rabbit was substituted for this 
one the same thing happened, whilst if after replacing with 
a new rabbit the current was reversed in direction, the A B 
rabbit died, whilst the new one was unaffected. Now, in 
the original arrangement of the current the C D rabbit 
had the positive electrode C soaked in strychnine solution, 
whilst with the A E rabbit the strychnine was applied to the 
negative electrode B, It is clear, therefore, that the C D 
rabbit was poisoned by strychnine entering its body from 
the positive pole, while the A B rabbit was unaffected by the 
strychnine on the negative electrode, though when this 
electrode was made positive by reversing the current this 
rabbit died also. It follows that it is the action of 
the current that causes the drug to enter the tissues, 
and not the mere soaking of the akin with the drug in solu- 
tion. II, inste-ad of strychnine, cyanide of potassium solu- 
tion is used for the electrodes B G on the two rahbite, B being 
the negative electrode or kathode, and C anode or positive, 
it will be found that the rabbit A B will be killed by cyanide 
poisoning, while the rabbit C D will escape harm. In this 
case the cyanogen radicle, being an anion, will enter the 
tissues from the negative pole on its way to the positive 
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A simple experiment will demonstrate easily and quickly 
this passage of the anions and kations, with the decomposi- 
tion of the electrolylje. Moisten a piece of white blotting 
paper with a solution of potassium iodide, and lay it flat 
upon a board or marble slab. Take the two wire terminals 
of a strong galvanic battery and hold them on the blotting 
paper J inch apart, and turn on the current until K) ma; 
are indicated. A strong brown stain will appear around 
the anode with the characteristic smell of iodine. With a 
stronger current, small flashes and sparks will appear at 
the negative pole owing to the rapid oxidation of the potas- 
sium ions attracted to the kathode. If salicylate of soda 
is used instead of iodide of potassium, most of the sparks 
and burning will appear at the positive pole owing to the 
further decomposition of the salicyl radicle. 

As was said above, pure water is a bad conductor of the 
electric current, and requires the addition of a trace of an 
electrolyte, acid, base, or salt in order to render it a good 
conductor. It is then decomposed by the passage of a 
constant current, the hydrogen kations appearing at the 
negative electrode as small bubbles, while the oxygen either 
oxidises the anode if it is made of copper, steel, etc., or 
appears as bubbles if made of platinum. The mechanism of 
this process of decomposition of the water, or electrolysis, 
is no doubt due to the stress set up in the molecules of water 
by the difference in potential of the anode and kathode. 
The hydrogen and oxygen molecules, charged with equal 
and opposite quantities of electricity, have entered into 
combination to form water, neutralising their electric 
charges ; but these are again split asunder under the com- 
pelling force of attraction of the anode and kathode for the 
separately charged constituents of the water molecule. 

Just as no evidences of the transfer of these ions is seen 
in the body of the electrolyte, but only at the poles, so 
during the passage of an electric current through the body 
no evidence of dissociation of the tissues occurs except at 
Q 
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the akin in contact with tliu electrodes. It metallic elec- 
trodes are in contact with the akin this will be rapidly soft- 
ened and destroyed by the action of the caustic alkali 
generated at the kathode, and of the acid at the anode, 
and, therefore, so-called bums will occur if the bare metal 
is allowed to remain for long in contact with the skin. 
Therefore, in the ordinary applications of the galvanic 
current, pads soaked in a solution of some electrolyte, such 
as a weak saline, are fitted over the metal electrodes bo 
that the products of electrolysis shall take place within the 
pads and not upon the skin. With strong currents, how- 
ever, and prolonged applications, the acids and alkalies 
generated may soak through the pads and cause damage to 
the skin. It is, therefore, necessary when using strong 
currents for any length of time to examine the skin from 
time to time to avoid injuring it. The first sign of injury 
to the skin will be a smarting pain and the appearance of a 
smalt blister under the electrode, the skin underneath be- 
coming dark coloured and ulcerated if the current is not 
stopped. Nasty sloughing wounds may be thus produced, 
which take- a long time to heal and leave permanent scars. 
This destructive action of the electrodes is made use 
of in the treatment of nsevi, moles, uterine fibroids, etc. 

NJEVI 

These are usually situated about the head or neck-; they 
may be subcutaneous, forming small tumours under the 
skin, or they may involve the skin also. They may be large 
or small, from small red spots on the aide of the nose or 
cheek to a large port-wine mark. They are often present 
at birth, and oftfln grow rapidly if not operated upon early. 

Nievi may be treated by electrolysis either by the bi- 
polar or the unipolar method. With the former method two 
needles at least are inserted into the' nffivus, one attached 
to the positive and the other to the negative pole. 

Bipolar method.— The two needles should lie of 
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platinum and should be inserted through, the skin into the 
substance of the nsevus at about J inch apart, should 
the size of the nsevus permit this. The needles must not 
be allowed to touch one another. After sterilisation, they 
are inserted, and the current must be turned on gradually 
until the strength of current passing amounts to 15 to 20 
ma. per inch of positive needle. The immediate effect of 
turning on the current is to cause blanching and hardening 
of the tissues, especially around the positive needle, while 
froth and bubbles of hydrogen gas escape by the side 
of the negative needle, which also becomes loose. After 
a few seconds the tissues turn livid around the negative 
needle, when the current must be turned off and the needles 
taken out and reinserted in a fresh place, not too close, or 
sloughing is Uable to ensue. This process is to be con- 
tinued until the operator judges that enough has been done 
for one sitting, as sloughing of the tissues is to be avoided. 
Small naevi can often be satisfactorily dealt with at the first 
attempt, but larger ones may require several sittings. The 
process is a very painful one, and a general aneesthetic is 
necessary. 

Unless the naevi are large, the two needles will be suffi- 
cient. Each should be held in a special needle-holder with 
a circular screw clamp to hold any sized needle. No current 
interruptor on the handle is necessary, or even advisable. 
If the needles are allowed to touch when inserted in the 
naevus the patient will get a sudden shock each time they 
touch and are released, and, though the patient is under 
an anaesthetic, such shocks are not advisable in the neigh- 
bourhood of the head and neck. Sometimes partially 
insulated needles are used, the needle being covered with 
a thin coating of rubber or shellac to within a third of an 
inch of the point. This is to avoid causing electrolysis of 
the skin at the point where the needle is inserted through it 
to reach a subcutaneous naevus. Such insulations are, how- 
ever, rarely satisfactory, as they render it very difficult to 
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insert the needle properly, and also prevent the proper 
sterilisation of the needle before using — a point which 
should always he attended to. A steel needle should never 
be used for the positive needle because of the indelible black 
stain which it always leaves upon the akin at the point of 
entry. 

For large nsevi a. special needle -holder, devised by Lewis 
Jones, may be used, in which three, four, or five needles may be 
screwed into the holder, arranged like the prongs of a fork, 
alternately positive and negative. With this instru- 
ment the needles may be moved about as a whole within 
the nasvua, and all parts of it brought under treatment. 

Unipolar method. — This method is specially useful 
in those cases where the heovus is very small and involves 
the skin. As a rule, the negative pole is used for the active 
electrode. The positive pole should be attached to a flat 
plate electrode which may be applied around the patient's 
wrist, back of neck, or any convenient and accessible spot 
away from the head. The needle-holder is attached to the 
negative pole, and an ordinary sewing-needle may be used, 
as there is no danger of producing black spots in the skin 
with the negative needle. 

Spider nsevi and dilated Tennles on the face, fore- 
head or nose are best treated by the unipolar method of 
electrolysis. The positive plate is folded close round one 
wrist, and a fine sewing- needle (No. 8) fixed in the screw 
clamp of the needle-holder attached fa the negative pole. 
No current interrupter -on the handle is advisable, as the 
current should be turned on before the needle is applied to 
the nffivua. The needle must be sterilised each time be- 
fore uss ; but it is best not to do this by passing the needle 
through a Same, as in this way a fine deposit of oxide may 
be formed upon the point, which may leave minute black 
marks in the skin. If sterilised by heat first, it should after- 
wards be passed two or three times through a piece of car- 
bolised lint to ensure the point being clean. These small 
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naevi and dilated venules are very common on the face, 
especially after the age of thirty, and sometimes become 
sufficiently numerous or large to be worth removing. The 
centre point of the venule must be carefully looked for, and 
the needle-point steadily inserted to the base of the naevus 
and held there for from one to five seconds, the strength 
of current required being from '5 to 1 ma. The immediate 
effect of the application of the needle-point is to cause the 
venule to contract and the red spot to disappear ; great 
care must therefore be exercised and the hand held steadily 
so that the needle-point is not moved once it is applied. 

The pain of this procedure is considerable, and cannot 
be borne by a great many persons without flinching. In 
that case it is advisable to anaesthetise the skin first by means 
of cataphoresis with cocaine, using a circular disc electrode 
for the positive pole, and applying it, after moistening it 
with cocaine solution, over the nsevus. Using a disc elec- 
trode the size of a halfpenny, a current of 4 to 5 ma. should 
be passed through it for five minutes. If the area of skin 
under the pad is then tested with a pin or needle-point, it 
will be found comparatively analgesic to the surrounding 
skin owing to the cataphoretic action of the positive pole 
in forcing the cocaine through the skin into the tissues. It is 
to be remembered that cocaine, being an alkaloid, behaves like 
a base and is electropositive, and is attracted to the nega- 
tive pole. It must therefore be applied to the skin under 
the positive pole in order to make it enter the tissues by 
means of cataphoresis. With the skin thus rendered par- 
tially analgesic, the pain produced by the electrolysis will 
be considerably diminished. 

If there are many such small nsevi and dilated venr 
on the face to be treated, it will not be possible to ^ 
them all at one sitting. As a rule, not more than 
punctures for electrolysis should be done withou 
anaesthetic. Although the immediate effect of punotu 
the na)vus is the disappearance of the red spot, thel' 
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Iowa atmoBt at once a slight swelling around the puncture, 
making it resemble somewhat the bite of an insect or the 
sting of a nettle. For the rest of the day the area treated 
will appear somewhat flushed and will feel hot, especially 
if cocaine has been used ; and it will be well to dust the 
skin with a little fuller's earth or similar powder. It is 
a good plan to treat the two sides of the fa«e on alternat* 
days if several sittings are necessary. Some skins react 
more than others t« the treatment, and in some all trace 
of the Bwelhng will disappear in three days, while in others 
it may take a week before the akin looks quite normal 
again. 

The effect of the electric puncture is to destroy the walls 
of the venulcB and to clot the blood in them by filling the 
tiny branches with bubbles of hydrogen gas, and the current 
should be sufficiently strong to show minute bubbles at 
the point of the needle if held for more than a couple of 
seconds. As a rule, with the tiny Buperfieial dilated 
venules it is not necessary to insert more than the point 
of the needle. 

It is important to remember to attach the needle-holder 
to the negative pole, for if the positive is used black in- 
delible marks are left in the skin. 

SUPERFLUOUS HAIRS AND MOLES 
Large moles, as in the case of large ntevi, are usually 
beet treated by the actual cautery or by excision, as the 
length of time required for electrolysis is too great, and ike 
result less satisfactory. Small moles of one-eighth of an 
inch across or less may, however, be well treated by elec- 
trolysis, and the resultant scar is less noticeable than with 
cautery or knife. Two needles should be employed for the 
larger ones — the positive needle, at all events, made ot pla- ' 
tinum — and the mole should be transfixed by the two needles 
at opposite sides, care being taken that the needles do not 
touch. A ourrent of 5 to 10 ma. should be used for five to 
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fifteen seconds. The part must be previously anaesthetised 
by a subcutaneous injection of cocaine, as the degree of 
anaesthesia obtainable by cataphoresis will not be suffi- 
ciently deep. 

Superfluous hairs on the face, as on upper lip, chin, or 
in front of the ear, may cause considerable unsightliness in 
women, and may be conveniently removed by electrolysis. 
It is, however, a prolonged and somewhat painful process 
if the hairs are numerous. Considerable practice is neces- 
sary to perform the small operation of electrolysis of the 
hair follicles neatly and surely ; for, as Lewis Jones says, 
it really amounts to a catheterisation of the hair follicles. 
The positive pole is attached to a flexible electrode and fast- 
ened round the patient's wrist or any other convenient 
exposed portion of the skin ; while the negative pole is 
attached to a needle-holder, using a very ^e platinum wire 
in the place of a needle. The wire, blunt-ended, is better 
than a pointed needle, for it is less likely to penetrate else- 
where than into the hair follicle. The patient reclines with 
the head thrown back, in a good light ; three cells of the 
battery are turned on, sufficient to give a current of from 
IJ to 2 ma. when the wire is inserted. The hair is gently 
pulled with the left hand, and the platinum wire is passed 
as close to the root of the hair as possible so as to enter 
the hair follicle for a distance of about one-eighth of an inch. 
It is held there for about five seconds, small bubbles of 
hydrogen gas escaping beside the root of the hair ; and 
the hair should then be pulled out by using gentle traction. 
The pain is certainly sharp, but can be borne, and cocaine 
cannot in most cases be applied. Very slight scarring 
ensues, and, if carefully done, it is practically invisible 
after a week or two. Several hairs close together should n& 
be attacked at one sitting, the whole area to be done bein 
gone over equally, the number done on each day depexM 
ing on the endurance of the patient and varying from S^ 
or ten to three or four times that number. 
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BTRICTUIIES 
The deahnictive action of the negative pole has been 
made use of in the electrolysis of atrictares of the urethra, 
naaal duct, and cesophagns, and lachrymal obatraction. Oh- 
atmction at the punctum or in the canaliculuB leading to the 
lachrymal aac has been cured by using the negative pole 
attached to a fine platinum probe passed into the punctum 
and along the canahculus, using a current of 2 to 3 ma. 
Traumatic Btricture of the cesophagua, dueto cicatricial con- 
traction after swallowing corroBlvcs, has also been said to be 
relieved by eleetrolyais with the negative pole attached to 
a small olive-ahapetl metal flexible bougie covered with 
rubber or celluloid nearly up to its end. Not more than 
r 4 ma. should be employed, for ten minutes at a time on 
alternate days. 



Uterine fibro-myomata have been treated by Apostoli 
and. his followers by means of intrauterine galvanocausis. 
The method is troublesome and prolonged, numerous sit- 
tings being necessary ; and in the majority of cases the 
condition can be dealt with better by surgical operation. 
Certain cases, however, have been considerably improved 
by the intrauterine galvanisation, especially htemorrhagic 
fibroids, the bleeding becoming arrested and the fibroids 
diminishing in size. 

The method is as follows : An intrauterine sound, made 
of platinum, is passed into the uterus, under antiseptic pre- 
cautions, and is protected by an insulation covering from 
the vaginal walls and external parts. This, the active 
electrode, is attached to the positive pole, while the indifier- 
ent electrode, or kathode, is applied to the anterior ab- 
dominal wall. The kathode was formed by Apostoli of 
moist china clay, but this is unnecessary. The kathode 
must be of large surfaoe, and should consist of a flexible 
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leaden plate 10 inches by 7 inches. The best way to apply 
this to the abdominal wall is over a sheet of wetted cotton- 
wool. This should be cut a little larger than the metal elec- 
trode and thoroughly wetted in dilute hot saline solution, 
and then applied uniformly over the lower part of the 
abdomen, and the metal electrode -carefully fitted over it 
so as to be in complete apposition with the wet wool over 
its whole surface, but yet not touching the skin anywhere. 
Great care must be taken before turnings on the current 
that all the screw connections of the wires to the battery 
and the electrodes are quite tight, because with the 
heavy current used in this treatment any sudden interrup- 
tion due to a loose wire connection or any other cause 
would give a serious shock to the patient. A strong 
battery is necessary to provide the current, and when the 
electrodes are in position the current must be turned on 
gradually until the galvanometer indicates 50 ma. This 
current is allowed to flow for six minutes, and is then 
gradually turned off and the uterine sound withdrawn, a 
vaginal douche completing the operation. 

The process should be repeated on alternate days, 
the intensity of current being raised on subsequent occa- 
sions to 60, 80, or even 100 ma. It is most important, 
during the passage of this heavy current, that the patient 
should keep absolutely still, and that neither the uterine 
sound nor any portion of the apparatus should be moved 
needlessly, on account of the danger of interrupting the 
current and thus giving the patient a severe and perhaps 
dangerous shock. After the completion of each applica- 
tion the patient should rest on the couch for half an hour 
before being allowed to walk about. 

ANEURYSM 

Electrolysis has been used in the treatment of aneurj 
of the larger arteries, as the subclavian, innominatje, 
even the thoracic aorta; Two platinum needles 
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inserted, with antiseptic precautions, through the wall of the 
sac, from 1 inch to 2 inches apart, attached to needle- 
holders and the two poles of the battery. A current of 
30 ma. is gradually turned on for ten minutes, then 
gradually turned off and the needles withdrawn, the punc- 
tures being sealed with collodion gauze. The object of 
the treatment is to cause clotting around the two needles, 
and so strengthen the wall of the sac and gradually obliter- 
ate the pathological dilatation of the vessel. The clot is, 
however, of loose consistence and of little value in an 
aneurysmal sac with a fierce current of blood constantly 
running through it. The method would have more chance 
of success in an aneurysm of a smaller artery, such as the 
femoral, brachial, or radial. In this case the artery could 
be compressed on the distal side of the aneurysm while the 
electrolysis was being done, and also for two hours after, 
in order that the resultant clot might not be washed away 
as soon as it was formed; 



CHAPTER IX 

ELECTRIC BATHS 
THE GALVANIC ELECTRIC BATH 

This treatment is applied by immersing the patient in a 
warm bath up to the neck, and passing the current through 
the bath from end to end between two large metal electrodes. 
The positive electrode is placed behind the patient's back, 
and it must be covered with flannel or other material to 
prevent the metal from touching the skin. The negative 
electrode at the foot of the bath need not be so protected 
on account of the thick skin on the sole of the foot. Pub- 
lished calculations of the proportionate amount of current 
that passes through the patient's body, as compared with 
what is wasted by passing through the water only between 
the electrodes, have taken as their basis the comparative 
resistances of the volume of the water in the bath and the 
resistance of the body, and it is asserted that only about 
one-eighth or less of the total current is available for treat- 
ment of the patient. My own experiments, however, 
judging from the intensity of the sensations felt and the 
degree of muscular contractions produced by reversals of 
the current, indicate that only two-thirds of the current 
on the average are wasted, one-third passing through the 
patient's tissues, and that the higher the voltage used the 
greater is the proportion of current that passes through 
the body. However, to pass a current of 50 ma. through 
the patient's body in the bath, it will be necessary to 
employ a total current of at least 150 ma. Now, it is prac- 
tically impossible to obtain currents of this strength from 
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a primary battery of wet or dry cells, and imiesa a battery 
of thirty accumulator cl'Hh, giviug 60 volts, is available, it 
will be necessary to employ the main electric lighting cur- 
renta for the purpose. 

The beat method is undoubtedly to use a battery of 
thirty accumulator cells, costing from £15 to £20. These 
will give a pressure of GO volts, and the current can be con- 
veniently apphed by means of a shunt resistance or rheostat. 
With this source of direct current, the ordinary enamelled 
full bath, with ita water-taps and waste-pipe, can be usedi 
as there is no possibility of any danger from leakage of cur- 
rent to earth ; nor will there be any danger of the patient 
accidentally touching an electric -light switch or water-tap 
while in the bath. This method may be said to be " fool- 
proof," and such a galvanic bath may with perfect safety 
be manipulated by a nurse or other attendant, or even by 
the patient, after the way to use it has been thoroughly ex- 
plained. If the house is wired in connection with the direct 
current electric-lighting mains, the accumuiators need never 
be moved, and can be recharged through lamp resistances 
whenever necessary, when the bath is not being used, using 
a lock switch to ensure cutting off the main contact with 
the accumulators when the bath is being used. Another 
safe method is to drive a small DC dynamo by an electric 
motor. The dynamo must be wound to produce half an 
ampere at 50 volts, while the motor to drive it may he 
worked by either the alternating or direct current from, the 
main. This method will be very suitable for an institu- 
tion or a hospital. 

It is possible to make use of the direct current from the 
main for giving the galvanic bath ; but special experience 
is necessary, and the expert must be present during the 
whole time that the bath is being given. The bath should 
be made of porcelain, and must have no direct connections 
with waste or water pipe. Moreover, no watcr-fap or elec- 
tric-hght switch must be within reach of the patient when 
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in the bath, or a fatal shock might result. This may hap- 
pen in the following way : one of the poles is generally 
earthed at the power-house, as in the Marylebone supply, 
and therefore, when the bath is connected by wires through 
a shunt resistance to a wall-plug or other electric -light 
switch, if the pole that is connected to the zero or right- 
hand end of the shunt resistance is not the same as that 
which is earthed at the station, then there will be an imme- 
diate rush of current between the waste or water pipe which 
is connected to earth and the wires of the apparatus, and 
the patient may, or may not, feel the effects of this powerful 
current, according to his position in the bath with relation 
to the line of this current. Even if neither pole is earthed 
at the station, there is usually sufficient leakage to earth 
from the cables to make such an earth current extremely 
dangerous. If, for instance, while immersed in the water 
he were to touch either the cold or the hot-water pipe, he 
would get a dangerous shock. The operator should, there- 
fore, always test his apparatus after connecting it to the 
wall-plug or other source of the electric-lighting current, 
to ascertain whether the pole connected to the zero end of 
his shunt resistance is the same as that which is earthed at 
the station. When that is so, there can be no danger of 
any accidental shock, if the patient should touch a water 
pipe, or even if the bath itself is connected directly to earth 
through the waste-pipe. 

The method of testing will be for the operator, after 
connecting his shunt rheostat to the wall-plug, to turn on 
the switch and then lightly -to touch with the dry fingers 
of both hands a binding-screw of his apparatus and a water- 
tap. If he feels a strong burning sensation, then the earthed 
pole is not the One which is connected with the zero of his 
shunt rheostat, and to put matters right he must now re- 
verse the two-pin wall-plug, so that he reverses the pole 
connected to the zero of his rheostat. When this position 
of the wall-plug has been ascertained, it should be so 
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marked that it may always be inserted in the same way. 
With the sliding contact spring also at zero, he may now 
touch with impunity, even with wet hands, a binding- 
screw and water-tap at the same time ; there ca,n be no 
danger of any shock to the patient from an earth current, 
and the available current for the bath will be entirely con- 
trolled by the sliding spring contact. With a properly 
enamelled l)ath, and the enamel not chipped anywhere 
below the surface of the water when filled to the desired 
height, the orifice of the waste-pipe at the foot end of the 
bath will be the only metallic contact with the water to 
" earth," and it will he possible for an expert ta make 
use of such an ordinary full bath as a hydio-electrio galvanic 
bath, using the direct current electric- light mains as the 
aource of the supply. Under these conditions the orifice 
of the waste-pipe will act as the footplate, and only one 
wire and electrode joining the ahimt rheostat to the bath 
is to be used. 

The method of using the main current in this case is as 
follows : assuming that an ordinary platinoid wire shunt 
rheostat is used, with safety lamp, switch, galvanometer, 
and current reverser in the circuit, the first point to ascer- 
tain is which pole is earthed at the station, as upon that 
depends whether the footplate — that is to say, the orifice 
of the waste-pipe — will be positive or negative. First sec 
that the two-pin wall-plug is inserted properly, so aa to 
avoid all danger of shock from the earth current, as above 
described ; then take a basin of water, attach one wire 
to either of the two binding screws of the rheostat, and let 
the other end of the wire dip in the watfir. Tate another wire, 
and let one end dip into the water close beside but not touch- 
ing the other wire, while its other end is held in contact with a 
water or gas-tap. The sliding contact spring is then pushed 
along some distance, and the two ends of the wires dipping 
into the water are watched. Bubbles coming off one of them 
will indicate that to be the negative pole. If neither gives 
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off bubbles — ^that is to say, if no current is passing — ^then 
switching over the current reverser will at once start the 
current. If the wire that is earthed is negative, then the 
bath electrode and its wire must be attached to the positive 
binding-screw of the rheostat. (N.B. — The sign of the 
rheostat binding screws will vary according to the method 
of insertion of the two-pin wall-plug, and must be deter- 
mined beforehand for the particular position of the wall- 
plugs that are being used at the time.) Even now, although 
a current is passing, a current which increases in intensity 
as the sliding spring contact is pushed further along, yet 
the galvanometer may indicate no current because the 
galvanometer circuit is only connected with one of the 
poles. If this is the case, the wire to the bath electrode 
must be taken out and attached to the other binding screw 
of the rheostat, and the current reverser switched over. All 
the wire connections are now in order, and the galvano- 
meter will indicate accurately the amount of current that 
■ is being used in the bath. This method is perfectly safe, 
and no shock from an earth current is possible, since the 
earthed pole is the same as that which is connected to the 
zero end of the rheostat, so that it comes to the same thing 
whether the z3ro end of the rheostat or a water-pipe is con- 
nected to the bath as one of the poles. 

As the description of the method given above will show, 
it will require some electrical knowledge to make use of an 
ordinary bath for giving a galvanic hydro-electric bath, when 
using the electric-lighting mains as the source of the elec- 
tricity. With that exception, the only point against it is 
that the direction of the current cannot be reversed, but 
will depend entirely on whether the earth current is posi- 
tive or negative. The earthed pole will not necessarily 
be the same for all the houses in the same district; 
neighbouring houses, or houses on the opposite sides of the 
same street, may differ in the sign of the earthed pole, and 
it must, therefore, be determined separately for each house. 
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The diJTereiice arises from the fact that some districts ate 
supplied oa the " three -wire system"— e.g., Marylebone, 
where the two outer wires have a difference of potential of 
480 volts, while each outer wire differs from the middle 
wire by only 240 volts. Therefore, the middle wire will be 
positive to one outer wire, and negative to the other. Some 
houses will receive their current at 240 volts from the middle 
wire and one of the outer wires, while an equal number will 
receive their electric supply from the middle wire and the 
other outer wire. Thus, if the middle wire is the pole 
that is earthed at the station, the earthed pole will appear 
to be poBitive ia some houses and negative in others. The 
stronger current at 480 volts is used for power purposes 
for driving motors of five-hoTBe-power and upwards. 

With a properly insulated porcelain Irath, the waste- 
pipe does not connect directly to the bath, but to a porcelain 
or earthenware gully into which the bath discharges. The 
water-taps are placed at a little distance from the bath and 
are covered with flexible rubber hoso-pipe, through which 
the bath is filled. Even with these safeguards against any 
accidental leakage to earth, care should always be taken 
to see that the two-pin wall-plug or other attachment of 
tlie ahunt rheostat to the electric-lighting mains is so fixed 
that the pole that is earthed at the station is the same as 
that attached to the zero end of the rheostat, so that when 
the current is switched on and the sliding spring contact 
is also at zero, no shock is felt with wetted fingere, one 
placed on one of the binding screws of the rheostat and the 
ottier on a wat«r-tap. If this precaution be taken, then there 
is no possible danger of an accidental connection of the bath 
to earth while the patient is still in Ihe bath. This, for in- 
stance, may easily occur by discharging the bath water 
through the waste-pipe before the patient has got out of 
the bath, the column of water thereby establishing an earth 
connection ; or, again, by turning on some more hot 
water after the patient has got into the bal^ If 
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the rheostat has been arranged as ^described above, so that 
the zero end corresponds with the earthed pole, the liability 
to shock will be lessened. The risk, though not of a danger- 
ous nature in that case, cannot be entirely done away with, 
because the sudden earthing of one end of the bath by 
means of the incoming or outgoing stream of water must 
interfere with the strength of the current passing between 
the two electrodes already in the bath, since an alter- 
native path for the current is afforded, and thus the sudden 
diminution of current passing through the patient will be 
felt as a shock, which would be decidedly unpleasant when 
20 ma. and more were being used. With an insulated por- 
celain hydro-electric bath it is a good plan to have a switch- 
board arranged in connection with four pairs of electrodes 
along the sides of the bath (positive on one side and nega- 
tive on the other), so that more current can be concen- 
trated, if necessary, through the legs or lower half of the 
body. 

This method of applying general electrification to the 
whole body by means of the hydro-electric galvanic bath 
will be foxmd exceedingly useful in the treatment of lum- 
bago, chronic sciatica, and chronic muscular rheumatism ; 
and the effect of this form of application of the galvanic 
current is notably to diminish the pain of a neuritis. It 
will also be found of decided value in certain states of debility 
with aneemia, in palpitation and tachycardia, Graves's 
disease, Kaynaud's disease, and multiple neuritis. In cases 
of local neuritis in which it is desirable to stimulate miiflo 
cular contractions, the hydro-electric galvanic bath is lea 
desirable than local treatment of the limb with galvanki 
by the labile method. When administering the hydn 
electric galvanic bath the temperature of the water shonl 
be about 100° F., and the patient should not be kept iii 
the bath on the first occasion for more than ten minutet| 
though this may be increased with advantage on subsequent 
occasions to twenty minutes, 
p 
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FOUR-CELL OR SCHNSe BATH 
It is often inooavenietit for a patient to take a full 
bath, and a fair substitute for the full bath treatment in 
many conditiona, eapeoially in neuritis afiectlng the limbs, 
is the four-cell bath, or Schnfe bath. This ia an arrangement 
of four small baths, one for each limb, each of which is 
fitted with a carbon ot copper electrode connected hj in- 




Fig 13.-Siraplefc 



Schiite bath. 



Bulated wirea to a central switehboard. The baths are made 
of porcelain or earthenware, the foot-batha being sufficiently- 
deep to hold the leg up to the knee, while the arm- baths ara 
about 6 inches deep by 8 inches wide, and long enough 
to take the forearm from the elbow to the tips of the 
extended fingers ; that is to say, 20 inchea inside mea- 
surement. The two arm-baths are fixed at a convenient 
height on the arms of a stout chair, ao that the patient 
can sit in the chair with the forearm on each aide immersed 
up to the elbow in the bath, and the feet and legs placed 
one in each of the foot-baths. The baths are filled with 
hot water, in which may be dissolved certain salts foi 
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medicated baths, such, as lithium chloride for the tiieatment 
of gouty joints. The switchboard is fixed at the back of 
the chair, and is connected to the battery, which may be 
either galvanic, faradic, single or three-phase, sinusoidal, 
or Leduc alternating. The switchboard is so arranged that 
the two arm-baths are connected to the positive electrode, 
and the foot-baths to the negative, or vice versa. This 
method of applying galvanism has certain advantages over 
the full galvanic bath, besides the saving of trouble in 
the matter of the patient undressing, for only the boots 
and stockings need be taken off and the sleeves turned 
up above the elbow. In this form of application of the 
current there is no wastage of electricity, as all the current 
that is used passes through the limbs and body of the 
patient. The strength of the current should, therefore, 
range from a minimum of 7 or 8 ma. to a maximum of 25 
to 30 ma., though with this stronger current great care must 
be taken not to break or interrupt the current, and all the 
connections of the wires must be carefully attended to and 
screwed up tightly, as should one connection slip or break 
the patient will get a violent shock. With strong currents, 
moreover, the skin is apt to get sore at the water level. If 
only the legs require treating, the arm-baths need not be 
used, and one leg-bath can be made positive and the other 
negative. With this arrangement a mechanical interrup- 
tor or alternator can be inserted into the circuit so as to 
interrupt or reverse a current of 5 to 8 ma. once a second 
or so for the treatment of wasted muscles due to neuritis 
or other causes. 

LOCAL ARM- OR LBQ-BATHS 

Two, three, or four of tiie oells of tiie Schnie bath may 
be made use of. Thu% one aim and kg may be tieated for 
hemiplegia in an arm- and a ^leg-bafli \xj tlie nnusoidal 
current, or one arm and both legi ^^ «e cur- 

rent ; or both arms in flie two a im for 
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rteumafoid arthritis or for Rajaaud's disease. li one limb 
oDly requires treatment, Buch as one arm by galvanism for 
writer's cramp or for neuritis, the two electrodes may both 
dip into the water, one at each end of the arm-bath, or one 
flexible electrode may be fastened above the elbow to the 
arm above the level of the water. If both electrodes dip 
into the water, the positive electrode should dip into the 
water behind the patient's elbow, and the negative 
kathode near the fingers. The strength of the current 
passed through the bath should be about 20 to 25 i 
though it is to be remembered that not the whole of thig 
amount passes through the arm itself — probably only about 
one -third. 

This point I have tested in the following manner, which, 
if more open to errors of inaccuracy, is certainly more prac- 
tical as regards Its application to the treatment of patients 
than the published calculations of the comparative resist- 
ances of the body of the patient and of the water contained 
in the bath. These latter calculations seem to show that 
the body of the patient carries only one-tenth of the current 
passing between the electrodes in the bath. I partially 
filled an arm-bath to a depth of 3 inches with warm water 
at a temperature of 100° F., and placed the positive elec- 
trode, a flexible metal plate covered with chamois leather, 
at the Imttom of the water. The negative electrode, 
exactly similar to the other, after being thoroughly wetted, 
was applied tightly to my arm above the elbow, and I then 
placed my hand in the water spread out over the positive 
electrode, the water just covering the hand entirely. Tiw 
current was then turned on gradually until a definite Btrength' 
of sensation was experienced in the hand, and the number of 
milliamperes was noted by my assistant. The two electrodes 
were next placed vertically in the water at the ends of the 
bath, the negative at the elbow end, and then I placed my' 
forearm in the bath so that the water covered it completely 
up to the elbow, the fingers just touching the positive eleo^ 
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trode. The current was then, as before, turned on gradu- 
ally until I noted that the degree of the sensation in the 
hand appeared to be the same as before, my assistant noting 
the reading of the galvanometer. The two readings were 
6 and 18 ma. respectively. The experiment was again re- 
peated, with a stronger degree of sensation for comparison. 
The readings on this occasion were 12 and 35 ma. It is 
thus clear that a larger proportion of the galvanic current 
passing between the electrodes affects the tissues of the fore- 
arm than the published calculations of the comparative re- 
sistances of the patient's body and of the bath water would 
lead one to expect, and I feel assured that the statement 
that only one-tenth of the current used is perceived by the 
patient rests on insufficient grounds and faulty deduction. 
If faradism be used instead of galvanism for the .com- 
parative test, it will be found that a very small approxima- 
tion of the secondary coil to the primary is needed to pro- 
duce the same sensation in the hand and the same degree 
of muscular contraction of the forearm when the whole 
forearm is dipped in Water between the two electrodes, as 
when the hand only is in the water and the other electrode 
is fastened above the elbow. Thus, in my own case, with 
the hand only in water and one electrode fastened above the 
elbow, I noted the strength of sensation when the coil was 
distant 75 mm. from the primary. With tiie whole fore- 
arm immersed, and both electrodes dipping in the water, 
one at the elbow and the other at the fingers, the same 
degree of sensation was experienced when the secondary 
coil was distant 67 mm. — ^that is to say, only about a quarter 
of an inch nearer the primary. Using the primary faradic 
current instead of the secondary, the same degree of sensa- 
tion and muscular contraction was experienced witii the 
soft iron core withdrawn 62 and 50 inm. zespeofi 
is to say, when the whole forearm and tiie tr 
were in the water the soft iron core of tlie JQP 
be pushed in only half an inch to strengflifiii 1 
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to the same degree as when only the hand was in the water, 
and the other electrode was faat«aed to the arm above the 
elbow.- 

THE LEDUC CURRENT 
ProfeBSor Leduc of Nant^B has deviaed an apparatus 
by means of which an elratrlc motor is made use of in order 
either to interrupt or to reverse the direction of a constant 
galvanic current, at varying speeds. The current that ia 
used to drive the motor is quite separate from that which 
is used in the transforming portion of the instrument, and 
the latter current may be supplied either from a constant 
current battery, or through proper reaistanoea and a volt- 
selector from the direct current of the electric- lighting mains. 
The motor may be driven by either alternating or direct 
current, according to its design, or even hand-power may 
be used to rotate the transformer by means of a wheel and 
suitable gearing. The effect of the interrupted or reversed 
galvanism on muscle is to cause tetanic contractions, some- 
what similar to those produced by the faradic current, 
though the intensity and quality of the effect on sensory 
and motor nerves differs somewhat according as the our- 
lent is interrupted or reversed, and also according to the 
proportionate duration of the contacts and te the speed' 
of the motor (Fig. 14). When the motor is used to inter- 
TUpt the galvanic current, the speed of the interruptions 
can be graduated by resistances in the motor circuit frott' 
about 10 to HiO per second, each revolution breaking flw 
Current four times. By means of altering the position of thtf 
collecting brushes the duration of contact can be lengthened^ 
or shortened at will, so that for each quarter-revolution of th€ 
motor there may be obtained either a momentary applioa< 
tion of the current, and a long interval in which no current 
is passing, or a long contact and a momentary break of tltf 
current, or any gradation between these two extrei 
such as half contact and half interval. It is clear 
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when the motor is running and producing int«rruption8 
iu the galvanic current, the average current as indicated 
by the galvanometer will vary according to the rela- 
tive durations of contact and interval. Thus, with the 
machine tested, when the motor was at restj a current of 




with iutpiTuptor. 



14 ma. was arranged to flow through a fixed resiBtance ; the 
motor was then started, and it was found that with the 
bnishes arranged for the longest contact the current fell 
to 12 ma., while with a contact of one-quarter (the galvano- 
meter indicated only 3.5 ma., the speed of the motor making 
no difference. 

Motor effects of intemiptiona, — The strongest 
muscular contractions are produced by arranging the 
brushes for one-tenth contact, and nine-tenths interval 
with no current, and a slow speed of the motor, giving 
30 to 40 interruptions per second, with a descending current 
along the IJmb. This was tested with wet electrodes 
upon the muscles o! the forearm, and using short contact 
and slow speed of the motor, giving about 1,800 inter- 
ruptions per minut«'., the maximum current borne was 

15 ma., being about eqnal in senaory efiect to 18 ma. 
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without interruptions. The muscular effect is much stronger 
at the kathode, and as the period of contact of the brushes 
was increased, so the muscular and sensory effect dimin- 
ished, while at the same time the current increased from 
1 '5 to 12 ma. This diminution of the effect with long contact 
is more noticeable at high speed than at low speed, when 
the diminution is only slight, and it is noticeable both at 
the kathode and the anode. With maximum contact and 
using a current of 1 ma. or a little less, the muscular effect 
in the thenar eminence is only just perceptible at the 
lowest speed, and is diminished to the vanishing point 
at high speed. With a current of 2 J ma., there is fair 
tetanus of the thenar eminence at the lowest speed, which 
does not disappear entirely at the highest speed of the 
motor — 160 interruptions per second. With short con- 
tact, strong tetanus of the thenar muscles is produced by 
the kathode with a current of only 1 ma. at low speed. 
With the high speed the contractions are less. 

Sensory effects of interruptions.— On placing one 

electrode on the eyeball in order to stimulate the retina, 
and the other on the wrist, using a weak current, it was 
foxmd that with both kathode and anode the retinal 
effect was stronger with very slow interruptions and long 
contact than with short contact ; but with more rapid 
revolutions of the motor, producing 1,800 to 2,000 interrup- 
tions per minute, the retinal stimulation appeared stronger 
with short contact. The total sensory effect on the retina, 
however, diminished as the speed of the motor increased, 
so that with 8,000 interruptions per minute a current, 
which produced bright flashes of light in the eye with a slow 
speed, was not now perceptible. 

Reversals of current.— When the Leduc motor is 
used to produce reversals of current, a different wheel and 
arrangement of the brush contacts are used from those for 
the interruptions. There are four brushes, and each revolu- 
tion gives two reversals of the current. The proportionate 
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duration of contact, and of interval in which no current 
is passing, may be altered by moving the position of the 
brushes. The current is passed through a galvanometer 
before it is led to the reverser, so as to indicate the average 
current passing. If the galvanometer were included in 
the circtiit between the reverser and the patient, the gal- 
vanometer needle would remain at zero. 

Motor effects of reversals.— A current of 1 ma. 

or even less at a slow speed of the motor gives a fair tetanus 
of the muscles of the thenar eminence with maximum dura- 
tion of the contacts, being a very much stronger contrac- 
tion than that produced by the kathode when interruptions 
with maximum contact, and of the same strength of current, 
are used. Of course, when reversals are being used, there will 
be no difference in the action of the two electrodes, since each 
is alternately kathode and anode as the current is reversed. 
As the speed of the motor is increased, so the muscular effect 
with reversals is increased up to the fastest speed of the 
motor — about 80 reversals per second. With apparatus 
specially arranged for the production of very rapid reversals 
of the current, it has been shown that muscular excitation 
increases with the speed of the reversals up to 2,000 or 
3,000 per second, and then diminishes until all signs of 
contraction disappear at a speed of 10,000 alternations per 
second, when the phenomena of high frequency currents 
commence to appear. With the particular instrument 
tested, I arranged a current of 14 ma. to pass through a 
fixed resistance with the motor at rest ; this, was dimin- 
ished to 13.5 ma. when the motor was started at slow 
speed reversals and maximum duration of contact, the cur- 
rent filing to 11 ma. when the motor was run at its highest 
speed of 80 reversals per second. With short periods of 
contact and long proportionate* interval, the average cur- 
rent indicated by the galvanometer will fell considerably. 
When the period of contact is reduced to one-tenth of the 
interval between the contacts, the contractions, though 
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powerful, ure said to he much less painful than with a 
corresponding strength of faradism. 

If we compare the tetanic eflects upon the hmb muBcles 
of interniptionB of a galvanic current with those produced 
by reversals, we find that interruptions of a descending 
current from the anode on the upper arm to the hand 
placed on the kathode, using only one-tenth contact and 
40 interraptions per second, gives far stronger contrac- 
tions than we obtain from reversals, using maximum 
contact, and the same strength of current shown on the 
galvanometer. Thus, placing the forearm in water in the 
arm- bath, with the anode behind the elbow, and the 
kathode at the fingers, the current was turned on until 
26 ma. were running steadily through the bath. Then 
starting the motor, using interruptions with one- tenth 
oontaot, strong tetanus of the forearm muscles was pro- 
duced, though only 2J ma. were now indicated on the 
galvanometer. Approximately, to obtain the same degree 
of muscular tetanus with reversals, using maximum 
contact, required a current of 24 ma, shown on the gal- 
vanometer. Now, with maximum contact, reversals' give 
stronger contractions than interniptionB do, and with one- 
tenth contact, reversals may also prove the stronger. 

For general stimulation of the muscles and tissues, 
and for muscle -testing, rapid interruptions or reversals of 
a weak galvanic current by the I-educ motor — with the 
brushes arranged for one-tenth contact and nine-tenths 
interval with no current — may prove exceedingly useful, 
and should supersede the faradic coil for all work where 
accuracy is desired. With the faradic coil the current 
curve is irregular, and its milliamperage unknown. 

Although the Leduc motor, using interruptions, or pre- 
ferably reversals, may be iised for muscular stimulation, 
rapid interruptions have no effect in producing oon- 
traction in degenerating muscle in oases of nerve injury. 
Such degenerating muscle will give well-niarked slugguh 
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contractions to slowly interrupted or slowly reversed gal- 
vanic cTirrenta, but when the frequency of the interruptions 
or reversals exceeds two per second, the strength of the 
muscular contractions diminishes to nit as the speed of the 
interruptions or reversals is increased. 

SeiiBory effects of reversala.— Testing the retina 

in the same way as with the interruptions, and using the 
same strength of current, the brilliance of the efiect on the 
retina is very much more powerfu!, with maximum dura- 
tion of contact, tlian with the interruptions ; and whereas 
with the latter the sensory effect diminishes with the in- 
crease of speed of the motor, with the reversals the efiect 
on the retina increases up to a speed of 30 per second, and 
then diminishes to the vanishing point at 80 per second, 
using a current which gave very great brilliance with -30 
reversals per second. 

On the whole, the sensory efiecf« of the rapid reversals 
of current with the Leduc motor, with maximum duration 
of contact, upon the skin and muscles are much greater 
than with a faradic current which produces the same degree 
of muscular contraction, the Leduc reversals of a galvanic 
current being distinctly more painful than a corresponding 
strength of faradiam, especially when the motor is run at a 
high speed of 80 reversals per second, using maximum 
duration of contact ; but with very short durations of 
contact the contractions, though efficient, are said to be 
less painful than the corresponding strength of faradism. 

With very high speeds of alternation the sensory effects 
on skin and muscle both disappear, as is the case with the 
motor effects when high frequency phenomena commence. 

Electric Sleep.—Leduc has made experiments on the 
inhibitory action of rapid interruptions of the ourrpnir "ion 
the brain cortex in dogs and rabbits. Th'' , 

and a large kathode, covered with cott* I 

with saline, is applied to the top of thi 
anode is fixed over the lower spine. 
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obtained by using interruptions of 150 to 300 pec second,, 
witb tbe brushes arranged for as short a. contact as 
sible, and a pressure of 12 to ;J0 volts, giving currents o£ 
2 to 10 ma. A rheostat without self-induction is placed 
in the circuit to regulate the voltage. By this addition, 
convulsions and arrest of the respiration, and evacuation 
of the sphincters, are avoided. Starting the curreat 
causes no pain, the animal falhng on its side quietly 
into a condition of deep narcosis, without exhibiting the 
least sign of pain or discomfort ; and on the cessation. 
of the current the animal awakens instantly, without 
any sign of pain, fear, or fatigue. In other experimenta OD 
dogs, general convulsions were produced as the current 
was gradually strengthened ; and then, on diminishing its 
strength, a state of iLarcosis and anaesthesia persisted ( 
long as the current was applied, the animal recovering 
at once as soon aa the current was stopped. 

Local antBSthesia of part of a limb may be obtained by 
placing the kathode upon the course of a superficial nerve. 
This produces a strong sensation of tingling, and ooiO- 
plete insensibility of the corresponding skin-area. 

Should further experiments show this method of induo^ 
ing ansesthesia to be certain in its action, without any i^ 
after-efEects, an immense field in the treatment of neuralgia 
and neurasthenia, and perhaps even in the induction t 
surgical anaesthesia, may be open to it. 



The majority of accidents from electric shock ocoa) 
amongst the workers of the electric lighting companiei 
either from accidental contact with live wires when engag 
in repair work on the cables or in changing transfomi« 
or from accidental contact witb parts of the awita 
board in the power house. Workmen by no means alwai 
observe the rule to wear rubber gloves when doing W(N 



DANGERS FROM MAIN CURRENTS 269 

oh the cables, and they may either receive shocks by getting 
a " short " between two wires at different pressures, or else, 
when standing on damp ground, contact with a live wire 
will afford a path through the body to "earth" for the 
passage of a heavy current, which may easily be fatal. In- 
side buildings the current is never at a higher pressure 
than 240 volts, except for the driving of motors of one or 
more horse-power, when it may be as high as 480 volts. 
Even low voltages of 100 to 200 volts, such as are commonly 
employed on electric-lighting circuits within houses, are by 
no means altogether devoid of danger to life, should a good 
contact to earth be established by the body to a live wire. 
Indeed, so low a voltage as 70 has been fatal in a chemical 
factory in Grermany to a workman who was standing with 
bare feet in an alkaline solution, and thus afforded an ideal 
contact with " earth." 

The especial dangers with electric baths have already 
been alluded to (see p. 252), whether the current is direct 
or alternating. The bath should be of porcelain, and not 
only should it be entirely unconnected by water-pipes to 
earth, but all water taps and pipes and electric-light switches 
should be quite out of reach of a patient in the bath. The 
bath should be filled with water through a rubber hose-pipe 
attached to the water-pipe ; but, once the patient is in 
the bath, no more water should be turned on. With 
some direct current installations, in which one of the 
poles is intentionally earthed at the power-house, it is 
possible to arrange the apparatus so as to avoid the possi- 
bility of shock through an earth current {see p. 252). Even 
with the best and most perfect method of insulating the bath 
and patient from earth currents, when using the diieot 
current from the main for electric baths there is always the 
possibility of a sudden alteration in the voltage, which will 
cause a shock to the patient that might well be dangeiOQfl 
if large currents in the full bath were being used. A sudden 
fall in voltage in an electric-light supply will be indicated 
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hy the incandescent lighta suddenly losing brilliancy and 
glowing a dull red ; while r, raising of the voltage produces 
a sudden increase in brightness of the lamp. Or the supply 
may fail altogether for a tew seconds, or even for minutea 
at a time, all of which accidents have been unfortunately 
familiar to us who Uve in the Marylebone district of London. 
Still another poaaibility of shock when using the direct main 
current for treatment is the liabiUty of a sudden awitch- 
over at the power-house from one machine to another, or 
from the dynamo to a batt«ry of accumulators. For these 
various reasons I do not consider it safe to use the direct 
main current for hydro- electric bath treatment ; and if the 
direct current is required, it should be supplied from a 
special battery of accumulators. These may be charged 
from the DC main, but a safety switch should be pro- 
vided, so that the current from the accumulators cannot 
b« turned on to the bath until the main current has been 
first switched oft. 

In alternating currents the position is quite differ- 
ent ; no dangerous shock will be produced by a sudden fall 
in the voltage or cessation of the current, or by changing 
over from one machine to another at the power-house ; 
moreover, absolut* safety with regard to earth ourrenta 
is attainable by the simple means of passing the main cur- 
rent through a static transformer, which for treatment 
puTposea ia most conveniently built as a aledge-coil. 

The direct current from the main may, therefore, 'be 
uaed safely for all forma of labile treatment, for muscular 
wasting, etc., in which the strength of the current is not 
likely to exceed 15 ma. For stabile applications, such aa 
electrolyais of hairs, nasvi, etc., for cataphoresia, or for 
neuralgia, the main current ia leas suitable, but still may 
often be employed, the only danger being the possible one 
of a somewhat unpleasant shock if the current be sud- 
denly interrupted. When larger currents are employed, 
such as galvanisation for sciatica, or the Apostoli treatment 
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for fibroids, or especially in the hydro -electric bath, in my 
opinion the main direct current is unsafe, and should not 
be used. 

Nearly all accidents from shock or burning with main 
currents occur to persons engaged in the work of cable 
repairing, transformer changing, or in other work about 
the power-house or tranamisaion lines. The large majority 
of fatal accidents occur with voltages of 1,000 and up- 
wards, which has given rise to the idea that the alternating 
current is more dangerous than the direct. It is not the 
type of current that causes the difference in the severity 
of injury, but the difference in voltage, the direct current 
seldom being met with at a higher voltage than 550. This 
latter strengtli of voltage will not give a shock through 
ordinary dry clothing, and it has been demonstrated that 
a person nwy sit upon the third rail of the Central London 
Railway, which is electrified with direct current at 550 
volta, and rest his hands upon the outer rails, which carry 
the return circuit, without getting a shook. If the clothing 
were wet with rain or perspiration, a severe shock might, 
and probably would, be received. Unless the person re- 
mained in contact with both conductors, it is probable tliat 
a shock at this voltage would not be fatal, though it is to be 
remembered that at the comparatively high voltages of 
the main supply, muscles l)ehave differently from what we 
find in the physiological laboratory with muscle-nerve pre- 
parations and weak constant currents. It has often been 
found tliat contact with the main direct current tetanises 
the muscles; and if a person should unfortunately catch 
hold of a live wire at a voltage of 200, when his feet were 
in good contact with earth, as when standing in water, he 
might be unable to leave go, and the sudden rush of cur- 
rent would very quickly be fatal. In this way a man was 
killed in the street by becoming entangled in some U'\e- 
viies which in a snowstorm had fallen down across 
e trolly wire of a tramway, the ends trailing in the street 



272 ELECTRICAL TREATMENT 

and having become " alive " througli contact with the 
trolly line at 300 volfs. 

Wion a workman gets a " short " by simultaneous 
tact with two wires of a circuit at different voltages, the 
danger will differ according to the method of contact, 
one hand or arm, or one leg has touched both the wires, the 
result is never fatal if the shock is momentary, as the cur- 
rent is concentrated between the two points of contact in the 
one limb, and the man gets off with a bum, and nothing worse 
than faintneas and weakness, though this ia often succeeded 
by hysterical symptoms of various intensity and duration, 
It both hands form the contact, or one leg and one hand, 
then the results may be much more grave, and a fatal result 
is not rare, the man being killed, perhaps instantly, the 
heart being arrested in fibrillary contraction. Some ex- 
periments on animals by Prevost and Battel! i, with 
alternating currents at different voltages, showed death 
from heart failure with shocks at 120 volts pressure ; with 
high tension currents at 1,200, 2,500, and 4,800 volte, 
tetanus and convulsions were produced, and respiratory 
failure, but the animals could be saved by artificial respira- 
tion. In America, where criminals are eleotrocut«d for 
muider, it has been found more than once that the first 
shock at 1,200 to 1,500 volts has not been fatal, though 
convulsions and burning of the akin were produced during 
the period of contact. A case has been recorded in America 
of a man receiving during several seconds a current at the 
pressure of 20,000 volts. He was standing close to tha 
main switchboard of the power house, when by some acci- 
dent ho was knocked against it and the current arc'd aonss 
to one shoulder, leaving his body by the foot on the 
aide, which was also in contact with the switchboard. A* l^ 
his muscles being tetanised, he was thus held 
A second man caught hold of him to pull him away, bat vi 
also instantly knocked down by the current. It was SI 
until a third man came to the rescue, and, recognising ^ 
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danger of touching him with his bare hands, ran at him, 
jumping in the air at the same time, and knocked him away 
with his knee. Strange to say, the first- man recovered, with 
no worse result than two bad bums on his shoulder and foot. 
Probably the fact of an arc being formed limited the amount 
of current passing to him, and this explains his escape in 
spite of the enormous voltage of the current. 

Usually, after a severe electric shock, if the man has 
escaped instant death, he will be found semi-conscious, 
gasping, pulse thready and small, pupils dilated and slug- 
gish or irresponsive to light. The skin is moist and cold, 
and the limbs flaccid. There may be signs of burning at 
the points of contact, and the respiration may have entirely 
failed, or be on the point of doing so. Artificial respiration 
should be at once conmienced, and persisted in until regular 
breathing is re-established, and the usual remedies for shock 
administered ; some brandy or sal- volatile, diluted with 
water, should be given by the mouth, and, if necessary, 
injections of ether hypodermically ; while his hands and 
feet are chafed, hot bottles applied, and the legs raised and 
bandaged. There is always great fall of blood pressure, 
and it is this, due to arrest or enfeeblement of the action 
of the heart, that is the chief danger. The failure of re- 
spiration will also kill, of course ; but this is more easily 
treated than is the syncope from the direct action of the 
electric shock upon the heart. 

Hitherto, in this country, there has been practically no 
danger to the public from high tension currents, owing to 
the careful insulation underground of such cables, and 
their non-exposure before the current they carry is trans- 
formed into a lower and safer voltage. In America and on 
the Continent there are numerous long line transmissions 
of electric energy by bare wires carried on poles over- 
ground, the currents being at various pressures up to 
50,000 or 60,000 voltiL HfioeMttTily, these bare wires 
must increase the puUJo i to the liability of 

a 
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the poles beinf; oTeitnmed, or otber accidental contact 
witli the wire by telepfaoae wires, etc. The near future seems 
to [oreriiAdow an increasing development of high tenaina 
attemalang current electrification, by overhead tniily 
wires, of Buburban railways, or even of longer lengths of 
main Une, such as the New Haven Railway in America. 
The Berlin syBt«m of suburban railways is being electri- 
fied on theae Hues, as is the London and Brighton suburban 
ftervice in this country. Countries like Switzerland and 
Sweden, with no coalfields, but practically unlimited 
water-pf)wer, are sure soon to electrify their railroads, 
and this will probably mean the transmission of electric 
power over long distances at hl^ pressures. Thus, in the 
future, the number of high -pressure overhead wires is 
Ijouud to multiply enormously, increasing especially the 
risks of the railwaymen, and, to a certain extent, of the 
public. 



CHAPTER X 

THE SINUSOIDAL CURRENT 

The sinusoidal current is a fonn of alternating current 
whose electromotive force regularly rises and falls in two 
equal and opposite cycles, the curve being sometimes 
known as a sine curve. We have already seen when deal- 
ing with the faradic current that the curve of the electro- 
motive force of a faradic battery is an alternating current, 
though the waves are much stronger in one direction than 
in the other, and are also far less regular and more 
jerky^ For several years previously to 1831 it had 
been recognised that there was a close association between 
electricity and magnetism, and it was known how to mag- 
netise a piece of soft iron by passing an electric current 
around it, bat it was reserved for Faraday in that year to 
demonstrate the solution of the converse problem — ^how 
to produce an electric current by means of the action of 
magnetism. If a coil of wire is wound on a bobbin and the 
two ends are connected to a galvanometer, and then a fixed 
bar magnet is quickly pushed inside the coil, the galvano- 
meter will indicate the passage of a current. If the magnet 
is quickly withdrawn a similar current will be generated 
in the coil of wire, but numing in the opposite direction, as 
indicated by the needle of the galvanometer turning the 
reverse way. The diieotion of the induced cnnents in any 
given case, and theieioie ol tbe eleotBOiDotivfi faioes giving 
rise to them, can be readily deteft^ simple law 

first enunciated by Lenz, aHf " w ** : " The 

direction of the induced. set up a 
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Bwgnetic Mi whidt will trad to letud tlie dmige to wtidi 
die indaetioii is due." 

Sow, fixed magnetB are too heavy in practice to move 
in and out of coils, or to rotate in front of coils fat ihe pco- 
duction of ttiefle alt«matiiig cuirents on a la^e scale, 
and thfi next iit^p in tlie development of alternating cnnetit 
machinea was Clarke's magneto-electric machine in 183-3. 
In tliiit Diachioe a heavy &xed steel magnet is used, and 
an armature connsting of two coils of fine wire witii aoft 
iron corm, and joined together at one end by a bar of soft 
iron, is rotated by means of a wheel and gearing in front 
o( the poles of the fixed magnet. The colls are wound 
series with a continuous wire, reversing the direction of the 
winding in the two coils, and the two ends of the 
i^rmected to spring contacts leading the currents developed 
in the coils to the terminals. These are alternating 
rents, and " medical magneto -electric " machines built 
on this principle are still frequently sold. The steel maf 
is provided with a " keeper " or armature made of soft 
iron, and this is attached to a lever, by means of whioh 
the strength of the current can be graduated by altering 
the amount of contact permitted between the iron hax- 
and the poles of the magnet. These machines have beett^ 
completely replaced in medical treatment by farsdio-' 
Iwittflfies driven by cells. 

In the early Clarke's machines a com mutator 
ivrninged on the axle of the rotating armature, by means 
of which the alternating current became a pulsating uni- 
(liruotional current, by altering the direction of the curreafe' 
of each half-phase. This current had very alight physio' 
logical effects, though it would decompose water, and 
all the properties of a galvanic current. In order to 
duoe a strong current and muscular contractions the folle 
ing device was added to the machine (Pig. 15): Kia s 
of the oommutator is prolonged as a piece of ivOTy 
other insulating material, and on it i 
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narrow stnps from the halves of the commutator. Against 
these presses a spring which is so connected as to short- 
circuit the current from thft commutator, bo that as the 
commutator revnt\eB whenever the spring touches either 
of the two strips, no current 
he terminals ; and 
this will happen with every 
half-turn. The wires from 
the terminals leading to the 
patient arc each led through 
two long coils before being 
attached to the handles, and 
the efiect of this arrangement 
ia that as the commutator re- 
volves a current ia thrown 
into the wires and coils in the 




patient s circuit but by the action of the spr ng contact on 
the commutator this current is not maintained constantly, 
being broken with every half-turn of the commutator ; and 
with each break of this battery current there is a sudden 
induced extra current produced in the coils leading to the 
handles, which is quite strong enough to produce muscular 
contractions and tetanus of musolea when the machine is 
worked sufficiently rapidly. The current from those 
magneto -electric- machines is, therefore, comparable to 
the primary cuirent from a faradio coil. 



1 
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The uest step in the development of magneto -electric 
machines was to use electro -mag nets instead of fixed steel 
magnets, and to rotate the moving parts by steam power, 
the machine now becoming a " dynamo." 

A dyiiarmo consists of heavy electro -magnets with two 
or more north and south pole pieces arranged alternately 
to form a more or less circular magnetic field, in which 
rotates an armature that is driven from aomc source of 
power such as a steam-engine or an electric motor coupled 
to it. The armature consists of a soft iron ring built 
up of a number of thin iron discs, insulated from each other 
in order to prevent the formation of eddy currenta, which 
would overheat the armature. Around the iron ring ia 
wound a ooil of wire, and the rotation of the ooils of wire 
through tha lines of magnetic force generates induction cur- 
rents in the coils. These currenta are alternating currents, 
the change in sign of the voltage from + to - in any par- 
ticular portion A of the coil taking place as A passes the 
middle line between the north, and south poles of the mag- 
net, or the " line of commutation," as it is called, Tlus 
point corresponds to the zero line on the current curve. 
If B is a point on the armature exactly opposite A, then 
the current in B is exictly the reveras to th<»t at A, both 
in direction and sign. Thus, for one whole rotation of the 
armitura, ths EMF of tho current at any point passes 
through one complete cycle or period^oue half positive, 
one hsilt negative^or each pair of magnetic poles in the 
dynamo. 

When a coil rotates with uniform velocity in a mag- 
netic field, as between the poles of an electro -mag net, the 
current collected by the brushes is sinusoidal — i.e. the 
intensity of the current is proportional to the sine of the 
angle between the plane of tha coil and the hue of com- 
mutition. A similar current whioh does not change in 
direction is called an undulatin^f current (see p. :JM3). 

The periodicity of the current, or the number per secoad 
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ol complete cycles of positive and negative EMF depends 
on tile number of revolutions per second of the armature. 
The voltage of the current depends on the speed with 
which the rotating coila cut the magnetic lines of force, thus 
varying with the speed of rotation and the diameter of the 
armature, , The efficient intensity of the current may be 
measured by a milliampereraeter, such as Lord Kelvin's, 
consisting of an index attached to a movable coil rotating 
inside a fixed coil. The direction of the deviation is thus 
always the same whatever the direction of the current, 
since the phase of the current changes simultaneously in 
both coils. The maximum intensity of the current will 
bear the ratio to the efficient intensity of ,^2 ; 1 ; that 
is to say, the efficient intensity will be 70 per cent, of the 
maximum intensity. 

In practice, sinusoidal ctinents are obtainable only 
where there is an electric lighting installation. The alter- 
nating currents supplied by some of these installations 
show very nearly a sine curve, and for medical purposes 
may be spoken of as sinusoidal currents. The number of 
complete cycles or periods per second depends on the type 
of machine employed in the power-house, and varies with 
different installations from a periodicity of about 40 to 
as high as 110 cycles per second when used for electric 
lighting; while for purposes of traction for railways as 
low a periodicity as 15 per second is now thought to bo 
the best with single-phase alternating currents. As low 
a periodicity as 2 to 3 per second is recommended by 
R, Mirtan for the treatment of muscular wastings, and a 
specially shunt-wound dynamo has been devised by him and 
manufactured by Schall to rim evenly at that slow speed. 

To obtain graphic curves of currents of rapid periodicity 
an instrument called an osciliogiaph is used, such as 
Blondel's, in which the current passes through two small 
coils that oscillate on each side of the poles of a magnet. 
A mirror attached to a bar of soft iron oscillates between 
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the bwo ooUb, and reflecte a beam of tiglit on to another 
rror oscillating at right angles to the first, and thence 
on to a screen or photographic plate. 

The curve in Pig. 16 shows graphically one complete 

Cycle of such a curve. In it the time T iB plotted hori- 

Sontally, and the EMF of the current plotted vertically 

•Upwards ( +} and downwards ( - ) from the centre line, which 

i also the zero line. The figures along T are fractions 




of the periodic time which is represented by T, the cor- 
responding values of the function being obtained in the way 
shown by projection from the circle, the circumference 
of which has been divided into the same number of frac- 
tional parte as T. The radius D is to be regarded as 
revolving round D in a clockwise direction, bo as to make 
a complete revolution in the time T. At each instant 
the distance of above or below the datum line A D B 
will give the corresponding ordinate or vertical height of 
the sine curve. 

An armature winding may be tapped by two wires at dia- 
metrically opposite points, and the wires led to two metal 
slip rings mounted on the axle and properly insulated 
from each other. The current collected by brushes rubbing 
on these slip rings will be a single-phase alternating current. 
If the armature windings are tapped at three equidistant 
points and wires similarly led to three slip rings on the 
axle, a three-phase current will be obtained from them. 
With four slip rings and four equidistant points of tapping 
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the armature, either a two-phase or a four-phase current 
can. be obtained according to the method employed of con- 
necting the wires, and so on for other varieties of polyphase 
currents. 

To obtain a continuous unidirectional current from a 
dynamo, the alternating current* which are induced in the 
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it (DC) dymimo, otid commutatai'. 



armature must bo collected by means of a Commutator. 
The simplest form of commutator consists of a split metal 
tube fixed on the axle, the two halves being insulated from 
each other and connected by wires to two opposite points 
on the armature winding (Fig. 17). Brushes, usually made 
of carbon blocks, are fixed bo as to rub against the two 
halves of the commutator at exactly opposite points. 
As the armature revolves, and t!ie t.w s of the 

commutator or split tube with it ■jurrects 
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in the coils aad in the two halves of the conunai 
are changing io direction with each half -re volution, 
yet the current picked up by the two bniBhes will 
neceBsarily be constant in direction, positive at one brush 
and negative at the other. The current curve will then 
hive the form shown in Fig. 19, and is known as a pulsating 
unidirectional current {see p. 2(15). The commutatora 
on modern dynamos are much more complex, and instead of 




two halves of a split tube connected to two opposite points 
iu the armature winding, the tube is split up into a large 
number of parts arranged in strips along the axle of thft 
armature, all carefully insulated from eath other. Saclt 
opposite pair of these strips is connected to two opposite' 
points in the armature winding, and the resultant currenfe 
collected at the brushes is a pulsatiug imi directional curtenl^ 
with the same number of small waves of varying voltagft 
as there are divisions of the armature winding and ol t" 
commutator (Fig. 1^3). Thus the constant current obtained 
from a dynamo is not, theoretically, a perfectly smootk 
current, but is a pulsating unidirectional current. Being 
unidirectional, it has, of course, electrolytic effects, 
for practical purposes the dynamo constant current is nea^ 
as smooth as a battery current. 

Such an armature as described, wound on a soft ixoo 
ring with a continuous coil of wire, which is divided into 
numerous sections, each of them connected to its ■ 
responding part of the commutator, is known a 
Bingf. If the axle is prolonged on the opposite i 
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the commutator, and fitted with a pair of slip rings in- 
sulated from each other and connected to two opposite 
points of the armature winding, the machine can be used 
as a rotary converter. Used in this way, constant cur- 
rent from the main is fed to the commutator brushes and 
to the electro-magnets, thus driving the armature as a DC 
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Fig. 19. — Ck)imected alternate currents, or pulsating unidirectional 

current. 

motor, and an alternating or sinusoidal current can be 
taken off the slip rings on the other side. Rheostats or 
graduated resistances must be used to reduce the voltage of 
the main current to that for which the armature windings 
are adapted. If single-phase alternating current is taken 
off the slip rings, its voltage will bear a proportionate ratio 
to that of the driving current as 1 : J2, or about 70 per 
cent. If a three-phase current is arranged for, its voltage 
between any two terminals will be as ^3:2 ^2, or 61 per 
cent, of the voltage of the exciting current. Further modi- 
fications can be applied to this machine, and by adding a 
commutator on the alternating current side Hie alternate 
phases of the current can be reversed, giving a pnlsatuig 
unidirectional current (Fig. 19). Kozeo^rer, ii waA a 
machine is driven from a power souioe and nm at ■"'' 
it will supply constant current through tih0 
brushes on one side and alternating ctusmr 

An undulatory current oan be ob 
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machine by leading oft a pair of wires from one of the 
commutator brushes on the DC side and from one of 
the slip rings on the alternating current side, thus form- 
ing a combination of constant and sinusoidal currents, or a 
sinusoidal constant current whose voltage varies rhythmi- 
cally, but does not reverse its sign. This undulatory current 
has an electrolytic action like the constant current ; but, 
in addition, it has the stimulant action on muscle of the 
variable current. Diagrammatically, its curve would be 
represented by a sine curve placed entirely above th© base 
line. 

A rotary converter is often spoken of as a motor trans- 
former, and it is usually arranged to be driven by 
direct current and to give out alternating ; but it may 
be built to be driven by alternating current, and then will 
give out constant current from the commutator brushes 
on the other side. A rotary converter is more compact 
than a coupled motor and dynamo, which is an electric 
motor driving another dynamo coupled to it on the same 
shaft. The motor and the dynamo may, however, be 
combined in the same machine, when it is known as a 
motor generator. This form has several advantages 
over the rotary converter. In the latter the transformed 
current cifcuit is in direct electric connection through the 
armature windings with the current from the main which 
drives the motor, and therefore there is a danger of shock 
through accidental contact with the earth current, through 
the patient or the operator touching a water tap or electric 
light switch. Therefore, when the machine is arranged 
to transform a direct into an alternating current, the cur- 
rent received by the brushes rubbing on the slip rings 
should be at once passed through a static transformer before 
being led ofi into the external circuit to cautery, lamp, or for 
treatment in the full bath. Most modem machines are 
provided with this safeguard, and if the static trans- 
former is properly made, with the secondary winding 
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thoroughly inauiated from the primary, there is then 
no poaaibla daager of any accidental ahock from an earth 
current. 

Another advantage which the coupled motor and 
dynamo, or motor generator, haa over a rotary converter is 
that with the latter the voltage and periodicity of the 
alternating current is fixed, depending upon the voltage- 
and speed of revolution of the DC motor, whereas with the 
former type of machine the generator half of the machine 
can be built to produce any required voltage or periodicity 
of alternating current. 

Direct cmrent motors may be " aeries wound " or 
" shunt wound." In the former the field magnets are 
excited by the same current in aeriea with that which flows 
into the armature eoila ; in a shunt-wound motor the field 
magnets are excited through a aide circuit or shunt. The 
current ahould always be turned on gradually, uaing resist- 
ances, or the armature may become overheated. Heavy 
motors for traction purposes are always series-wound, but 
all motors for medical purposes should he shunt-wound, as 
this arrangement ensures a non-variable supply of current 
to the field magnets, although the load on the motor may be 
varying frequently and suddenly. Moreover, the motor 
could not be run slowly and evenly unless shunt-wound. 

A continuous current dynamo is reversible — that is to 
Bay, if the direct current at a suitable voltage ia fed to 
the commutator bruahea and field magneta, the armature 
will revolve and run as a motor. 

Alternating current motors.— On the other hand, 
such a dynamo will not run in the same way if fed with alter- 
nating current through slip rings, for two main reasons. 
Firstly, the alternating current wiD not excite the field 
magneta ; and even if these are separately excited by a 
continuous current from another motor, the machine will 
not start by itself, but will require to be speeded up until 
the frequency of the induced alternating currents in the 
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annatoK coils gets into step vhh the pencidkitj of tin 
dtinng altentftting caneiit. Once sterted, tbe bmcIuim 
«UI continne numing at that invariable sp^ed, onleM 
ovakiaded, wh«« it will drop out of step acd stop 
deniy. TheHe are known aa synchronous motom. Alter- 
nating carrent motors must be bnilt specially for the 
voltage and periodicity of the driving current, and should 
the periodicity of the main current fluctuate, as it is liable 
to do in Bome badly supplied districts, the motor will be 
thrown out of st«p, and will stop at once. Such alter* 
nating current motors are, therefore, on the whole mach 
lefuf eatisfactory than DC motors, though recent develop- 
ments have produced very satisfactory single -phase 
alt«matiDg current motors for heavj- traction purpoaea, 
using a current with a low periodicity of 15 cycles per second. 
An alternating current motor, even of the most recent> 
and efficient type, weighs considerably heavier than a DO 
motor, and is about 20 per cent, leas efficient. 

High tension alternating current.— The alternat- 
ing currents manufactured for electric lighting or power 
purpoftPB are usually made by machines giving a very, 
high voltage, in order to save the prime^cost of copper in 
the transmission circuit. By this is meant that with currentfl: 
of low voltage it will be necessary to send a very laigej 
ampftrage along the wires in order to develop the game 
power as in a case where the voltage is high and the am- 
pitrage correspondingly low. It is to be remembered that 
the power expreaacd in watts is the number of amp eres oj 
current multiplied by the voltage. Now, Tifi watta ia ona, 
electrical horse-power, and for a machine of low vol1 
to develop the same electrical horse-power na one of 
voltage it must produce a correspondingly larger numbw 
amp^s of current. A copper cable will carry 1,000 « 
p^rcs of current per square inch of its cross section, and ] 
more, without danger of the cable heating, irrespectdTely 
the voltage of the current, and it is, therefore, clear that £ 
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higher the voltage at which the ciurent can be delivered to 
the copper wire cables, the greater is the total amount of 
electric energy which those cables will carry. Now, with 
copper costing, as it did in February, 1907, in the neigh- 
bourhood of £100 per ton, the necessity of saving copper in 
the transmission circuit is obvious, especially if the district 
over which the electric energy has to be delivered is a large 
and scattered one. 

It ja easy to build alternating current dynsmcs to pro- 
duce the current at high voltage, which can be raised farther 
by step-up traDsformers for delivery to the tTansmiBaion line, 
and as high a voltage as 60,000 ie used at Niagara in America, 
where the energy of the Falls is used to produce current for 
power and lighting purposes over a radius exceeding one 
hundred miles. In Switzerland, Zurich is now supplied with 
three-phase alternating current, giving 22,000 horse-power 
at a pressure of 45,000 volts, generated by water power at 
Thusis, eighty-five miles distant. In this country 11,000 
is the highest voltage used, for the London TJndergronnd 
Electric Railways, and 10,000 by the London Electric Supply 
Co., at Deptford, Most of the alternating current street 
mains are at a pressure of 1.000 volts, each house supplied 
with it having a static transformer fixed in some safe 
position in the basement, in order to transform the current 
down to 200 or 100 volts, before it is led into the house. The 
1,000 volt terminals of the street wires and the transformer 
should always be carefully enclosed in stout wire cages, in 
order to prevent interference by unauthorised persons, as 
an accidental shock at that high voltage would in all prob- 
ability be immediately fatal. 

For the underground electric railways the high-pressure 
alternating current is used to drive motor-generators at a 
few sub-stationa, in which the current is transformed into 
a direct current at about 550 volts, at which pressure it ta 
supplied to the locomotive from a third rail. Efficient 
alternating aunent motors can, however, now be built 
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and the queation aa to which is the more suitable type for 
traction puipoaea, afemating or direct current, ia atill being 
keenly debated by electrical engineera. The la teat 
development in tliia direction ia an enormoualy powerful 
electric locomotive of i,000 horae-power, built by the West- 
inghouBc Company in America for the Pennaylvania Kailway. 
This engine, weighing 125 tons, receives a aingle-phaae alter- 
nating current at ll,OlTO volts from an overhead trolly 
wire, the current being transformed by static transformers 
on the engine down to 550 volts, of course alternating at 
the same periodicity of 15 cycles per second. The apeed is 
varied by changing the voltage dehvered to the motors from 
the transformer, no rheostat being used in the control, a 
speed of 75 miles per hour being eaaily obtained under load. 
Hi^h voltage direct ciirrent.— The great difficulty in 
building dynamos to produce direct current at a high 
voltage ia on account of the exceaaive aparking at the com- 
mutatora, which are thua aoon burnt out. On account ol 
these commutator difficulties, it has uaually been the prac- 
tice to limit the voltage of DC dynamoa to a maximum of 
G50 volta. A laboratory dynamo haa, however, been built 
to produce direct current at 11,000 volts. In commercial 
practice the voltage of the direct current may be raised 
for long line transmission of power by the Thury ayatem 
of coupling a number of dynamos in series. Lausanne, in 
Switzerland, ia thua supplied by a direct current of 105 
amperea, at a maximum pressure of 23,000 volta, wbici Js 
generated thirty-five milca away at St, Maurice by 5,000 
horae-power turbinea, driven by water power from the 
river Rhone. In the power station are ten dynamoa of 
2,300 volts each, all of which may be coupled in series if 
required. To render this safe, each dynamo is bedded on 
porcelain insulators, sunk in an asphalt concrete founda- 
tion. The copper cable which carries the 3,il5 kilowatts 
of electric energy is only two-thirds of an inch in tbicknesB, 
In the Moutiera-Lyon plant, 6,300 horse-power ia trans- 
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niitt«d by the Thury system more than one hundred miles, 
at a preasure exceeding 50,000 volts. 

It 13, however, found that the loss by leakage is leas with 
alternating than with direct current at high preBaures, and 
the ease of transforming the alternating current to any re- 
quired voltage, especially with oil-inaulat^d water-cooled 
static tranaformers, cannot be rivalled by even the Thury 
syBtem of direct current Iiigh- pressure transmission. The 
alternating current is, therefore, likely to entirely replace 
the direct current in large power-houses where the output 
of current energy ia heavy, and especially if it has to be 
transmitted over a long distance. The leakage is propor- 
tionately greater with high than with low pressure currents ; 
but, as a rule, this is more than compen8at'?d by the saving 
in prime cost of copper cables. On the other hand, the 
danger to life from accidental contact with the high tension 
currents is much greater than with the low tension current, 
and therefore circuits employing the high tension alternating 
current require to be especially protected. 

To transform the voltage of a direct current a motor 
generator must be used ; that is to say, the main direct 
current ia used to drive a DC (direct current) motor, which 
is wound for the main voltage. This motor drives another 
dynamo wound to produce the required voltage of direct 
current. The motor and dynamo are built on the same 
bedplate, and the apparatus is Bcmetimcs known es a 
rotary transformer. Alternating currents are much easier 
to deal with in changing the voltage, a static transformer 
with no moving parts being all that is required. This, in its 
essentials, resembles the primary and secondarj- windinga 
of a faradic coil, the main current nmning througli one 
coil, and an induced current is produced in the surrounding 
coil. The voltage of the induced current will vary with 
the proportionate number of turns of wire in the primary 
and secondary coils, and to reduce the voltage of the street 
main at 1,000 volts to a voltage safe to use in houses, such 
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as 100 or 200 volts, the induced circuit must Iiave a com- 
paratively few turns of thick wire, while the primary main 
circuit consists of a large number of turns of thinner wire. 
On the other hand, in a step-up transformer, as is used 
in generating high frequency currents from the altematmg 
electric light current, the inducing circuit must consist of 
a large number of turns of thin wire. The voltage of the 
current used in any house will be indicated on the incandes- 
cent lamps' used in it, though the lamps will give no indica* 
tion as to whether the alternating or the direct current is 
supplied to the house: 



CHAPTER XI 

MEDICAL APPLICATIONS OF THE SINUSOIDAL 

CURRENT 

If the electric supply is by alternating current, a simple 

form of sledge transformer, costing about 30s., will 

suffice to reduce the voltage for all methods of applying 
the single-phase current to patients. Such a transformer 
closely resembles the sledge coil used for the faradic current, 
but the iron core of the primary must be larger, and there 
is no interruptor. The thickness of the wire used in the 
primary and secondary coils, and the number of turns in the 
two coils, will depend on the voltage of the current supplied 
to the house and the voltage that it is desired to obtain 
from the secondary. With a 200-volt main current, the 
primary windings should be of about the same thickness, 
but with many more turns than the secondary, cs the 
voltage of the current must be reduced ; but if an accumu- 
lator of 12 or 20 volts were being used to drive a motor to 
produce alternating current, the secondary winding of the 
sledge coil would have to be made with much finer wire and 
with a far greater number of turns than the primary. 

The same type of volt-selector that is used for the 
direct current will also serve with the alternating current 
(p. 26). It is also known as a shunt rheostat, since the 
patient's circuit and the coil circuit are alternative paths 
for the current. As soon as the cunent is turned on the 
lamp glows a dull red, and cmzent is being continually 
used, whether the shunt oiicnit to tbe patient is used or not. 
Since the current is thus continually pa^nng ttomgh the 
wire of the rheostat, this is gradually li^tp'* i| to t)ie 
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resistance offered by the wire ; and if the hand is placed- 
upon the coll wound round the slate bed the coi! will feel 
hot after it has been in use for a few minutes. It never 
becomes dangerously hot, however, or hot enough to bnm 
the insulation of the neighbouring coils. If the metal bar 
kept well polished, and the surface of the coil bright, the 
metal spring will slide amoothly on the coil, giving a legulas 
and smooth increase of voltage and current without any 
sudden shocks to the patient. 

This form of volt-selector will do equally well for the 
direct or alternating current ; but if the alternating current 
is required for use in the electric bath, then a modified 
form of apparatus will be necessary, since that just de- 
scribed will not protect the patient from the earth current 
due to leakage. Moreover, even if not immersed in a 
bath— only one arm, for example, being treated in an in- 
sulated arm bath — were the patient to touch a water or 
gas tap or electric switch with hJs other hand, he would bo 
liable to a severe shock at the same pressure as the full 
voltage used in the house. For that reason, the precaution 
is taken of inserting a new small transformer circuit on the 
volt-selector apparatus (Fig. 8, p. 3-3), consisting of two coila 
of wire, primary and secondary, one placed over the other, , 
but having no contact with each other, just like the primary 
and secondary coils of a faradic battery. The wires from 
the house main are connected with the primary coil, while 
the secondary coil is connected to the rheostat or volt selec- 
tor. This latter circuit is, therefore, completely insulated, 
from the main current, as the patient's circuit is supplied 
only by the current which is induced in the secondaij* 
coil. Its method of induction is similar to that of the larget 
stationary transformer in the basement of the house, only 
of simpler design ; it closely resembles a faradic primary 
and secondary coil, but without the interrupting hammex 
of the latter. No interruptor is necessary, because t}i« 
exciting current is already alternating ; whereas in 1]m' 
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farad ic apparatus the exciting current in the primary ia a 
conatant current, and therefore it must be rapidly inter- 
rupted in order to induce an int^^rrupted current in the 
secondary. With this modified form of rheostat there is 
abflolut«ly no danger of any accidental kIiocIc from leakage 
of earth current, but the apparatus can only be used for 
alternating current. 

In districts which are supphed by the direct and not 
alternating current, the direct current can be made t« yield 
the alternating type by means of a motor transformer. 
The direct current is used to drive a DC motor, wound 
for the particular voltage of the circuit ; and the armature 
of the motor is tapped at two exactly opposite points and 
the current led to a pair of slip rings insulated from each 
other on the axle of the motor. Thence the current can 
be collected by means of brushes rubbing on the rings 
and led to terminal binding screws This mrrent is an 
alternating current, and its voltage compares with that 
of the direct current driving the motor as 1 yJ2. That is 
to say, if the voltage of the direct mam current driving the 
motor ia 240 volts, then the resultant altercating current 
is produced at a pressure of about 17U ^olts, roughly 
about five-sevenths, or 70 per cent., of the voltage of the 
main driving current. This current ia not, however, per- 
fectly safe to use for all purposes, because it is more or 
leas in contact through the motor with the main current, 
and there is, therefore, a danger of shock from an earth 
current. It can, however, be made absolutely safe by 
pasaing the alternating current obtained from the machine 
through a small transformer similar to that described above 
for using the alternating main current in the electric bath. 
The best modem machines supplied by medical elec- 
tricians now always include such a transformer, and the 
current that is used for application to patients, or for 
cautery and light, being taken from the induced current 
in the secondary winding of the transformer, is absolutely 
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safe, with, no poeaibility of shock from an earth current, 
and the patiunt or operator can touch with impunity an 
electric switch or wat«r tap while uaiug this alteraating 
current. 

The aimple alternating current just described ia eoine- 
timea spoken of aa single-phase, the positive and negative 
phaaes of its electromotive force succeeding each other 
with perfect regularity, so that if the curve of its EMF 
is plotted out graphically it approximates a true sine 
curve (p. 280). Owing to the rapid oscillations of it* EHF 
the action of the current on neuro -muscular tissue resembles 
that of faradism, the muscle being t«tanised. Moreover, 
since the positive and negative values of the current rapidly 
succeed one another, from 40 to 110 times per second, the 
current has no electrolytic action. With special machines 
to increase the periodicity of the current, it has been found 
that muscular excitation increases with the frequency 
up to 2,000 or 3,000 alternations per second ; it then 
diniinishes and disappears entirely above 10,000 alt«ma- 
tious per second. At this point the phenomcjia of high 
frequency currents begin to appear. Sinusoidal currents 
at frequencies of 20 to 150 per second produce good motor 
results, especially upon non-striated muscle. To obt-ain 
alternating currents with lower frequencies than 40 per 
second, a motor generator must be used which is wound 
to produce the slow speed of alternation required (p. 188), j 

If the sinusoidal current is obtained from the altemat- 1 
ing current mains, its periodicity, or number of completo I 
cycles of EMF per second, will be fixed, depending oaf 
the frequency of the alternations in the generators at thftj 
power-house. These usually vary in different dist 
from 40 to 110 per second, but the periodicity ought ; 
to vary in the particular installation. Lower freqae 
than 40 per second are unsuitable for electric light 
circuitfl, that speed being the least that will maintaiD . 
stead/ ^low in an incandescent lamp. 
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If the sinusoidal current is obtained from a motor 
transformer, driven by the direct main current, the period- 
icity of the transformed current will depend on the speed 
of revolution of the motor, and its voltage will be about 
three-fifths of the voltage of the driving current. 

If an alternating current is passed through a coil of wire 
around a soft iron core, it has a certain magnetic action on 
the iron, and it is this property which is made use of in 
an instrument called the " Neuron," which is a large alter- 
nating current electro -magnet (p. 307). 

This property of the current can be tested by passing 
the current from a lamp resistance through the primary 
coil and interrupting hammer circuit of an ordinary cell- 
driven faradic battery. If the hammer is well hung and 
the spring tension is correctly adjusted, it will be found that 
the interrupting hammer begins to vibrate gently, and this 
test is sometimes used by instrument makers for a correctly 
adjusted faradic apparatus; 

Modified forms of sinusoidal currents: pul- 
sating unidirectional current.— By means of a com- 
mutator fixed on the axle of the motor transformer, it 
is possible to alter the form of the sinusoidal current so 
that instead of obtaining negative waves of EMF imme- 
diately following and equal to the positive waves, the 
current consists of a succession of positive waves. It 
is, so to speak, as if the negative waves of the sine curve 
had been turned over and laid down again on tlie upper 
side of the base line (Fig. 19, p. 283). • 

A somewhat similar effect can be produced with the 
alternating current from the main by passing it through 
an electrolytic rectifier of aluminium oeUs, oaUed: ^ Nodon 
valve. These cells have the property of ofieiing a very 
high resistance to the waves of BICF ill '^n* direction, 
but ofier practically no resistance to ^^ oposite 

sign. Each cell will thus block t ection 

up to a pressure of 22 volts, and mt all 
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the waves in one direction for a current of 100 volts, it will 
be neceaaary to use five of such cells in Beries, and twelve 
cells for a current of 240 volta. Using this arrangement, a 
pulsating unidirectional current is obtained, somewhat 
similar to that juat described, but with only half the number 
of waves, the alternate waves being blocked. This Nodon 
valve arrangement \s made use of sometimea i ~ 
work for employing the alternating current main for work- 
ing the X-ray coi! and its intermptor, for it has the eSect 
of producing a current constant in direction though pul- 
sating, the speed of the interruptions being one half the 
periodicity of the particular alternating current used. 
good form of aluminium electrolytic rectifier has a large 
passive electrode of lead, and a smaller active electrode of 
an alloy of zinc and aluminium, in a saturated solution of 
ammonium phosphate. Aluminium has the property of 
offering a great resistance to the passage of a current when 
it is the anode, so that a curreut of less than 22 volts can- 
not pass at all ; when the aluminium is the kathode no 
resistance is offered to the passage of the current. This 
action is due to a polarising effect of the current, so that a 
thin film of aluminium oxide is formed upon the anode. 
This electrolytic rectifier gets warm with prolonged work- 
ing, and the valve effect falls off when the temperature 
exceeds iO° C. 

An economical way of using the alternating main cut- 
rent for X-ray coils is to charge accumulators through a 
Nodon valve, and work the coil and ite intemiptor off 
the accumulators. 

Polyphase currents. —We have already spoken of the 
single-phase alternating current, which is the form usaally 
supplied on main alternating current circuits. This ia ' 
obtained by tapping the current induced in the rdtattnK 
armature at two diametrically opposite pointa. and leading' 
the current to a pair of insulated rings on the axle, f 
collecting brushes deliver it to the external circuit. If, how-^ 
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ever, the windings of the armature be arranged in three 
groups at equal distances, and one end of the wire winding of 
each is led on to a collecting ring on the axle, while the other 
ends of the three groups are connected together, we shall 





Fig 20a. — ^Diagram of pulsa- 
ting unidirectional current. 



Fig. 20. — ^Diagram of single-^hase and three-phase currents. 

then obtain what is called a " three-phase " current (Pig. 
20). Three separate waves are generated, each of which is 
exactly like a single-phase wave, 
alternating positive and negative, 
so that with three slip rings, 
A, B, C, from which are led off 
three wires attached to three elec- 
trodes, there will be a flow of 
current between A and B, between 
B and C, and also between C 
and A. Similarly a two-, four-, or five-phase current 
might be produced by dividing the winding of the arma- 
ture into four or five equal parts, leading one end on 
to separate insulated slip rings on the axle, and join- 
ing together the other ends. 

A two-phase current is produced by arranging the 
windings of the armature in quadrature, four slip rings 
and four wires being necessaiy. The maximum of the 
positive and negative values of the second phase occur 
precisely at the moment that tlie curve of the first phase 
crosses the zero line ; tliat is to say, the second phase 
is exactly one-quarter of a wl* ».ter than the first 

(Kg. 21). The voltage ' f)ha8e current to 

that of the direct cm >iter will be as 
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^3 : 2 ^, or 61 pei ceot. A two-phase current will be 70' 
per cent., and a four-phase current 50 per cent, of the 
driving current voltage. 




Fig. 21.— Altemuta currente in quadi 



two-phaw " cnirent. 



Tbree-phaae sinusoidal csurrents are Bometimes em- 
ployed in medicine, and they form a very smooth and 




cany form of current to bear. The method of obtaining 
them in to drive a DC motor and to tap the armature at 
three equidistant points, leading the currents to thcae 
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insulated aiip-rioga on the axle (Fig: 22). The currenta 
takeu off from these rings by nieanaotcolleuting bruahea iire 
led through three primary coila of a sledge tiausEonniir, the 
aecondary coils which slide over the primaries being usually 
fixed together so that one movement pushes them all for- 
wards or backwards {Fig. 
23). The induced currents 
developed in these secondary 
coifs are led by 
three wires and electrodes to 
the patient or electric bath. 
Owing to the complete insula- 
tion of the patient from the 
main circuit by means of the 




, proilugiug 



^^Valedge transformer, there is absolutely no risk of any 

^^K tuwidental shock from an earth current. 

^^^^ These three-phiiae currents are useful in the treatment 

^B>i>f gastric atony and dilatation, one pole being passed 

^^» into the stomach by means of n special intragastric 
electrode, as described under " Faradjc Treatment." If 
this instrument is not available a good substitntn may be 
made by passing a flexible Bttimaoh-tub" omanh, 

and after pouring a little warm wil i) pass 

a medium stiff copper wire down -tulK' 



300 ELECTRICAL TBEATMEST 

After well battering die wire ta nuke it slip down easlj. 
The neeeasaiy len^h to which the copper wire m to be 
pused miut Iw first marked nptm it by measunng it a^Btnst 
tlie Btomacfa-tnbe, and it should be paased just » 
length for it« lower end to net ftgiunst tlie lowex 
of the stomach tvbe. Three-phaae currents mai 
|je simJiarly made use of for intrarectal treatment far 
constipation, or for the full bath treatmait. Snce 
aton^ of the lower bowel and constipation so frequently 
a^wtmpany gastric atony and dilatation of the stomach, a 
^ood arrangement of the three electrodes when using tkree- 
pliase currents in the treatment of this condition is for one 
electrode to lie passed into the stomach and one into tlie 
rectum, while the third shoiild be a pad electrode applied 
to the epigastrium: 

With a machine built for supplying three-phase currents 
it is not always necessary to use all three electrodes, as if 
only two are used the patient will then receive a single-phase 
current. 

We have already mentioned that & pulsating uni- 
directional current may be obtained from such a machine 
by the comparatively inexpensive device of fixing a com- 
mutator upon the axle, so that the same machine may 
be made use of for three-phase, single -phase, or pulsating 
unidirectional current. It is also possible to fit the axle 
of these machines with the Leduc transformer for the 
direct current, to convert it into a rapidly interrupted 
or a rapidly reversed galvanic current. Moreover, tiie 
machine may be fitted with a lamp resistance, volt 
selector, and galvanometer for the application of direct 
current, and a separate volt selector for the use of the 
transformed alternating current for cautery and lamp. 
The motor may also be used to work a dentist's or surgeiHi'B 
drill, or a flexible apparatus for applying vibratory mBsaage* 

To recapitulate : a motor transformer worked by 1^' 
direct main current can be arranged to supply (1, 
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current for electro -therapeutic application, (2) single- or 
three-phase sinusoidal currents for electro -therapeutic 
purposes, (3) alternating current for cautery, (4) alternat- 
ing current for surgical lamps, (5) pulsating 'unidirectional 
current for electro-therapeutic purposes, (6) Leduc currents 
(interrupted or rapidly reversed galvanism for application 
to patients), (7) vibratory massage, (8) motor power to 
work a dental or surgical drill, trephine, etc. These 
machines are made remarkably compact, and will cost 
from £20 to £35, according to their size and equip- 
ment. 

Sinusoidal current is an extremely useful form of current 
for bath treatment, either for local arm- or leg-baths, for 
the four-cell Schnee bath, or for a full electric bath. As 
previously said, in its general efEects it resembles faradism 
in its tetanising effect on muscle, but the current is much 
less painful than faradism, owing to its smoothness and 
regularity of alternation. Faradism, moreover, is not so 
truly an alternating current, the break currents being so 
much more powerfuj than the currents developed at make, 
that the faradic current is, to all intents and purposes, 
a unidirectional current. Sinusoidal current electric baths 
are a most excellent method of treating cases of spastic 
paralysis, whether hemiplegic or paraplegic ; it is also 
useful for tabes dorsalis, peripheral neuritis, and muscular 
atrophies. In spastic cases, as in the late rigidity of hemi- 
plegia and in spastic paraplegia from myelitis, disseminated 
sclerosis, etc., the current in the majority of cases appears 
to diminish the rigidity, so that the fingers and wrist or 
the ankle can be moved more easily, and the patients feel 
better and stronger. 

In the treatment of the commencing late rigidity of 
hemiplegia, an arm bath and a foot bath should be used, 
the arm bath being arranged by the side of a chair in 
which the patient sits, so that the whole forearm can 
be placed oomfoztaUj in it^ the water covering the 
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elbow. A foot bath ia Bimilarly placed for the foot of tte 
paralysed side. If the Schnee bath ia available, the arm- 
bath and foot-bath oi one aide only are to be used, one 
electrode dipping into the water of each bath. The carrent 
should be applied daily for about twenty minutos by means 
of the aliTint rhetiatat or volt aekctor, using a prcssiire of 
about 10 volta. The strength of current should be just 
aufiicient to tetaniae weakly the muscles of the forearm, 
and, with, the forearm immersed in water, the supinator 
loagus will be seen to stand out in contraction as the 
pressure of the current approaches 10 volts. MLssage 
to the paralysed arm and leg should be given daily also 
if possible. 

Spastic paraplegia, whether due to disseminated 
sclerosis, a previous attack of acute transverse myelitis, 
or to chronic combined or lateral acleroaia, may often 
be advantageously treated by means of alternating current 
baths, each foot placed in a foot bath with warm water 
to cover it up to the ankle. The effect of the current is to 
diminish the spasticity, and thus the l^mb appears stronger 
and more lifelike to the patient. Each volt selector is 
usually provided with a graduated scale placed along it, 
and an indicator attached to the sliding spring contact to 
mark the point reached on the scale. Thtse scales are 
purely arbitrary in their divisions ; but when the sliding 
spring contact is pushed r.s far to the left i:b pfssible. Hie 
maximum voltage obtainable will be about TO per cent. 
of the main current pressure supplied to the rheostat. In 
practice, the point on the scale at which the voltage is usitally 
siifficient for one patient with good water contact will Ije- 
come familiar to the operator through constantly naiiig 
the same rheostat. Patients who are paraplegic, Ilot- 
ever, or who are anseathetic, usually require a greatar 
voltage and a correspondingly higher number on the soale 
for their treatment. 

ProgxesBive muacular atrophy, due to chronic 
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anterior poliomyelitis, may be treated with siausoidal 
current baths, either with the four-cell or the full hydro- 
electric bath ; but, as a rule, it will be better to treat these 
cases with galvanism either in the full electric bath or in 
arm or foot baths, using the direct or constant current, 
slowly revers3d about twice a second by means of a 
mechanical revers3r, such ls the metronome previously 
described, fitted with a small Pohl's commutator (p. 143.) 

Muscnlar dystrophies, or myopathies, may be treated 
with sinusoidal current arto- and leg-baths, and I have 
treated a case of the Landouzy-Dejtprine type at St. Mary's 
Hospital regularly twice a week for about six years, during 
which period the patient is confident the weakness did not 
get any worse, though for the previous seven years he had 
gradually become extremely wasted and weak. 

The muscular dystrophies are usually divided into four 
groups for clinical classification : (1) Pseudo -hypertrophic, 
or Duchenne's paralysis ; (2) Erb's juvenile progressive 
mussular atrophy ; (3) Landouzy-Dejerine type, or facio- 
scapulo-humeral ; and (4) peroneal type, or type of Charcot- 
Marie-Tooth. 

In all the muscular dystrophics the electrical reactions 
will be diminished in proportion to the degree of muscular 
wasting. The reactions both to faradism and to galvanism 
will be sluggish, but there is nothing approaching the re- 
action of degeneration. 

The pseudo-hypertrophic type nearly always com- 
mences in childhood, and is almost limited to the male 
sex. It is markedly hereditary, and is transmitted through 
the female line, though the females themselves usually 
escape. The males rarely live long enough or retain suffi- 
cient strength for marriage. The muscles that are usually 
hypctrtrophied are the gluteus, gastrocnemius, deltoid and 
infraspinatus, while the first musoks to atrophy are usually 
the upper arm and iMf^ mnaoks, and ike muscles bound- 
ing the axilla andfihoiilder gUdki Ifejs lower pectoral, latissi- 
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mus, the whole of the trapezius, Berratua magnus, and Utec 
the erector spinw. For the first few years there may be no 
atrophy of the forearm or leg mus'^les, though these, too, 
may suffer later. Owing to thp weakness of the thigh 
miffloles, including the extensors of the knee, walking, especi- 
ally uptstaira, is difiicult, and so too is rising from the ground. 
Deformitiea ultimately cripple the patient, owing to oon- 
tractiue of other muscles, causing talipes of difierent kinds, 
scoliosis, etc. The muscular atrophy is usually remark- 
ably symmetrical, and that point, together with the absence 
of fibrillary tremors, ils heredity and distribution in several 
members of the same family, and the fact that the distri- 
bution of the muscular atrophy does not correspond to 
spinal segments, all combine in difierentiating the diseeee 
from a chronic spinal atrophy. 

Erb'B juvenile form somewhat resembles the pseudo- 
hypertrophic in the distribution of the atrophy and its 
slow progress ; but difiers from it in aSccting both sexes 
about equally, in commencing later, about the age of 
puberty, and in the absence of any pseudo -hypertrophy. 
Like the pseudo -hypertrophic, it t^nds to ran in families. 

Landouzy-Dejerine type may be compared to the 
Erb's juvenile form, with the addition of symmetrical 
facial atrophy. This myopathic facies is peculiar and 
easily recognised, the atrophy of the frontalis giving a very 
smooth appearance to the forehead ; and there is additional 
atrophy of the sphincter muscles of the eyes and lips, the 
patient being unable to close the eyes or purse up the 
lips, while the eyes usually appear verj- prominent and the 
lips have a peculiar pouting appearance. The facial diplegia 
in this type of muscular dystrophy usually dates from birth, 
and the mother may notice that the infant is unable to 
suck or to close the eyes properly. In early childhood, 
and up to the age of nine or ten, there may be no furtjieF 
atrophy of any other muscles noticeable, and the case may 
be misuDderstood unless it is remembered that the laoisi 
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atrophy of this group of the myopathies is distinctive, and 
may date from infancy. 

The peroneal type of Charcot-Marie-Tooth may be 
divided into two forms — the progressive neuritic and 
the myopathic. The latter, like the other myopathies, is 
strikingly hereditary, and probably afEects several members 
of the aame generation. Its distinctive character is the 
primiry wasting of the muscles below the knee, the calf and 
anterior tibial and intrinsic foot muscles all becoming 
atrophied. The atrophy next afiects the lower portion of 
the thigh muscles, the legs appearing peg-top shaped ; 
the intrinsic hand muscles are next involved — muscles 
which rarely show much wasting in the other myopathies 
and then only late in the disease, when the upper arm and 
shoulder girdle muscles are extremely wasted. 

The progressive neuritic form is not really a myo- 
pathy or muscular dystrophy at all, but may resemble the 
form just described in its muscular distribution. The 
nerves are sometimes much enlarged and prominent, such 
as the external popliteal and ulnar ; and there is often 
extensive anaesthesia, which may be dissociated as in 
syringomyelia ; or it may be reversed, with loss of tactile 
sense and preservation of the sense of pain and tempera- 
ture. In some of these cases the pupils may be of the 
Argyll-Robertson type, with loss of- the reaction to light, 
and autopsies upon them have shown extensive degenera- 
tion in the posterior columns, in addition to the hyper- 
trophic neuritis. 

Myotonia congenita, or Thomsen's disease, is an 
hereditary condition of muscular rigidity affecting especi- 
ally the limb muscles, in which the rigidity appears while 
the muscles are at rest, thus hampering movements at 
their commencement, though as the movements are con- 
tinued the rigidity wears off for the time, as long as the 
motion is continued. Electrical treatment appears to be 
of no service in these cases. 
V 
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Amyotonia, or mjatonia congenita, ia a curious 
of lack of muscular development in young children. 
wliicU there is uo patticulat group affected ; but all tha 
rauselea of the lower extremities, or, in sonii 
trunk and upper limb muBclea also, are apparently equally 
wasted and atonic, though really they arc undevelopedi 
They are extremely flaccid and all the joint movements 
are limp, bo that the feet and legs can be placed ill prac- 
tically any position without any resistance being offered. 
by tonic muscular action. The knee-jerks are usuaUj 
absent. There is little or no voluntary power over 
these muscles, and the children usually lie or sit huddled 
up, and are unable to stand or walk, but may 
able to crawl about the floor in a squatting, frog-like' poB- 
ture. The condition is sometimes congenital, and in otiber 
eases the child may appear to be normal for the first year 
or two, and the condition may then develop after some slight 
iilnesa. The muscles react very slightly to faradism. 
these children appear to tolerate surprisingly strong cmxentB 
without anyapparent pain. The prognosis ia usually good,, 
though progress is slow. The diseases for which amyotonia 
ia likely to be mistaken are rickets, infantile paralyei^ 
and myopathy. Peisiatent massage and treatment witb 
faradic currents should be employed. 

The Werdnig-Hoffmann type of spinal atrophy ib a. 
chronic progressive muscular atrophy, due to a chronie 
anterior poliomyelitis, in quite young children, even infants 
under a year old having suffered from it. In older children 1 
it may aflcct the facial and bulbar muscles, and it is always | 
fatal in from one to four or five years. Probably the 
hydro -electric full galvanic bath daily would be the best 
form of electrical treatment for this rare disease. 

Periodic paralysis. — This is a rare form of muBcular 
paralysis affecting all the muscles of the limbs and trunk. 
It usually runs in families, and the attacks recur at inter- 
vflJs throughout life, commencing in early childhood. 
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Every now and then — ^it may be once a week, or only every 
few months — the patient, male or female, notices a rapidly 
progressive languor and heaviness of the limbs, sometimes 
accompanied at the commencement by slight pins-and- 
needles sensation. The limbs and trunk muscles become 
completely paralysed in a few hours, remaining in that con- 
dition for several hours to a day, when the power gradually 
returns again. At the same time, respiration is slightly 
hurried and difficult, though the diaphragm is never para- 
lysed. Speech and the eye movements are not lost, nor is 
there sphincter paralysis, nor loss of sensation of any 
kind. Some dilatation of the heart has been noticed in 
several cases. 

A very curious point in this form of paralysis, which 
has never been explained, is the less of electrical irritability 
in all the paralysed muscles, both to faradism and to gal- 
vanism, though the electrical reactions return with the 
voluntary power. This condition, therefore, differs strik- 
ingly from myasthenia gravis, in which, after the muscle 
has been exhausted to voluntary power, it will still contract 
to faradism, and after it has been further exhausted to 
faradism it will still contract normally to galvanism. More- 
over, muscles paralysed by curari will still react to electrical 
stimuli, and for these reasons it is thought that the lesion 
causing the temporary paralysis cannot be in the nerve 
fibres or any other part of the lower neurone such as the 
spinal ganglion cell or the end-plate in the muscle ; but 
that there is some toxic condition in the muscle substance 
itself which is absorbed and passes off with time. 

Neuralgia. — An apparatus which has been called the 
*' Neuron " has been devised for the treatment of neuxalgia 
and neuralgic headache. It consistB of aii altexnating 
current electro -magnet, which is excited either by Die 
alternating current from the main, or, if the nuun iapfp^ 
is direct current, by means of a sinusoidal cmient 
motor transformer driven from the piain. Thifl 10 
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certainly has a powerful magnetic efiecl upon iroD and 
steel, and if a bunch of keya is held close to the pole 
of the keys will be powerfully attracted, and others repelled. 
If the forehead is held against the pole a curious Bensation 
is felt, rather unpleasant and productive of headache, 
and slight flashes of light may be noticed. These effects are ■ 
probably produced by means of alternating currents in- 
duced in the tissues when the head is held close to the mag* 
netic fleld. The magnetic field of an electro -magnet driven 
by means of a constant current is not rapidly varying, 
but steady, and therefore no currents will be induced 
a body at rest in its neighbourhood ; in fact, the majority 
of people are uuable to perceive any sensation on oontoot 
or close to the poles of even very powerful DC eleotro' 
magnets. 

Electro -maETnetism.— Although, as seen in the last 
paragraph, electro -magnets are of no service for theia* 
peutic purposes, yet a powerful direct-current electro-magnet 
has been found of great service in ophthalmic surgery. Suo^ 
magnets have been devised by Hirsehberg, Schloesser, and 
Haab, varying in strength from a carrying power of one' 
or two pounds up to over 300 lb. In weight. It is doabt^ 
ful whether the extra large magnets are more useful than 
the medium-sized ones for extracting steel particles front 
within the eye. 

Ozone.— Ozone is a condensed form of oxygen, tli« 
molecule of ozone containing three oxygen atoms instead 
of two, and it has a high oxidising power. It has a some* 
what unpleasant smell, and may always* be recognised ia 
the neighbourhood of high potential electric machines vihea 
working, such as large static machines or high frequenoj 
machines, the brush discharge of the latter especial^ 
giving rise to its production. The lightning flash all 
generates oEone in its passage through the air ; but a 
these electric agencies at the same time produce oxidi 
ot the atmospheric nitrogen, chiefly nitric oxide (K^^ 
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which is subsequently further oxidised into nitric acid. 
These oxides of nitrogen are very irritating and injurious 
to the respiratory tract, and it has been shown that more 
than a very small percentage of ozone in the air is fatal to 
small animals. Ozone has, however, a reputation amongst 
the public for revivifying properties, chiefly because it is 
found in traces in sea air, due to the electrical effects 
produced by evaporation. The so-called smell of ozone at 
certain seaside resorts is due entirely to decaying seaweed, 
fish, and sewage. Machines are constantly being adver- 
tised for the production of ozone, the principle of construc- 
tion being to drive a current of air through the space 
between two glass cylinders, one being contained within 
the other. The inside of the inner cylinder is coated with 
tinfoil, which is connected to one pole of a strong induction 
coil, while the outer cylinder is surrounded with a number 
of metallic points which are connected to the other pole 
of the induction coil. This coil may be excited by dry 
cells like an ordinary faradic coil with an interruptor, 
or it may be driven by alternating current from the main. 
When in action a violet glow is seen in the space between the 
glass cylinders, and air driven through this space by means 
of a hand bellows, electric fan, or the pressure of an oxygen 
cylinder will issue from the discharge tube, highly charged 
with ozone. To avoid the production of nitric oxides an 
oxygen cylinder should be used, but in practice this is 
never done. 



CHAPTER Xn 
ELECTRIC LIGHT BATHS AND X-RAYS 

Eleotrig light baths are used for two purposes : (I) M 
promote free sweating ; (~2) for the actinic effect of tbM 
light on the skin and suhcntaneona tissues. For the t> 
purpose incandescent tamps are used, and for the latt«r 
the arc and merc:ury vapour lamps. The difierence 1 
twecD these two claaaes of lamps is that the heat rays ot 
rays at the red end of the spectrum, which are usefnl i 
raising the temperature of a cabinet bath and thus of pro« 
moting diaphoresis, are present in considerable quantity" 
in the spectrum of incandescent lamps ; while the actdnio 
rays which are present in the ultra-violet end of the a 
tnim are very scanty in the light of incandescent lamps. 
On the other hand, the light of the arc lamp is rich in ultra- 
violet rays, which have a very special effect upon the 
skin and aubcutancous tissues. Sunlight is comparatively 
poor in ultra-violet rays, which are mainly absorbed by 
the upper layers of the atmosphere before reaching the 
earth. 

RADIANT HEAT 
Radiant heat baths have been especially recommende 
fur subacute and chronic rheumatic affections, infectiTt 
and other forms of polyarthritis, gout, iieuritie, sciatit 
Home forms of toxiemic headache, and chronic ne^duitj 
with artcrio -sclerosis. They arc contra -indicated in oaM 
of myocardial weakness or aortic valvular disease of til 
heart. Radiant heat baths may be applied in the forni ( 
(Mbiuet baths, in which the patient, after undressing, ai 
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on a chair covered with a blanket or Turkish towelling, sur- 
rounded with incandescent electric lamps, which thus raise 
the temperature to 150° F. or even 300° F. All parts of 
the body being iJxvLs exposed to the radiant heat, except 
the head, which projects through a hole in the top of the 
bath, sweating usually commences within five minutes, and 
may be varied in amount according to the number of lamps 
turned on and the duration of the bath. Fifteen to twenty 

* 

minutes usually suffice. After the bath, the patient must 
be carefully rubbed down with soft towels, and allowed 
to rest and cool down for another twenty minutes before 
dressing. 

Ordinary incandescent lamps are not entirely free from 
ultra-violet rajrs, and a certain amount of burning of .the 
skin may be produced by them. The large incandescent 
lamps made by the Dowsing Company are stated by them 
to be entirely free from violet and ultra-violet rays, and to 
be especially rich in heat rays from the red and yellow end 
of the spectrum. 

Intense radiant heat damages the eyes in course of 
time, drying up the lens and causing cataract. Bottle 
finishers are thus subject to cataract starting at the pos- 
terior pole of the lens. Their work necessitates frequent 
exposure of their eyes to the intense heat and glare of the 
glass furnaces. 

FINSEN LIGHT 

The Finsen light was first applied by the Danish in 
ventor of the treatment to cure lupus, by means of focussing 
sunlight through water lenses pressed on the skin to render 
it ansemic and thus allow the rays to penetrate. Partly 
because sunlight is less rich in ultra-violet rays than the 
electric arc lamp, and partly because of its inconstant 
supply, large electric arc lamps were devised by Finsen 
for the treatment, the light being focussed on the part requir- 
ing treatment by teleioopet through quartz lenses, cooled 
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by & Btream of cold water. Quartz allows almost free 
passage to ultra-violet rays, and is much letter than glass. 
This light is, therefore, called the Finsen light, and the 
arc lamps originally used were of great power, requiring ae 
much as 80 amperes of current. 

Smaller and more convenient lamps are now more com- 
monly used, such as the FinBen-Reyn, the Lortet-Genoud, 
Strebel, and their modifications. These are brought close 
to the patient and can be used for only one person at a 
time, while the large Finsen arc lights are sometimes fitted 
with four telescopes for the simultaneous treatment 
four patients. Of the small lamps the Finsen-Reyn Ja 
undonbtcdly the beat. This requires about 20 amperes. 
The addition of iron to the carbon or the Bubstitution 
of iron for tbe carbon electrodes has been uhown to 
largely increase the proportion of ultra-violet rays 
in the light given off, and more readily prodi 
superficial reaction of the skin, but it is less efficient 
for lupus. 

The light treatment has been, and is still, extensively- 
used for the treatment of lupus. Owing to the concentra- 
tion of hght required, the part being rendered ansemio by 
the pressure of the quartz lens on the skin, and the length 
and number of exposures required, the Finsen light treat- 
ment for lupus has been, to a large extent, superseded 
by X-rays and by the newer vaccine treatment for tuber- 
culosis devised by Sir Almroth Wright. The light treatr 
ment is undoubtedly curative of lupus ; but the great 
objection to its use, besides the length of time required, 
is the difficulty or impossibility of making the light pene- 
trate sufficiently deeply into the tissues. The akin and 
subcutaneous tissues are rendered as aniemic as poeaiblft 
by preasuro, because the light is entirely arrest«d 
absorbed by blood ; but even with this precaution the 
trative power of the light is not to be compared witli 
of X-rays. For this reason the Finsen light fails, 
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in the treatment of epithelioma, rodent ulcer, and other 
forms of malignant disease of the superficial structures, and 
X-rays are far preferable. 

Rodent nicer has been already referred to as being 
treated with zinc ions, round button-shaped electrodes of 
bare zinc being used with the positive pole and a constant 
current of 5 to 10 ma. 

Ohronic skin affections, such as varicose ulcers, 

gouty eczema, boils, etc., have been shown to benefit by 
the light treatment. Certain wave-lengths of the ultra- 
violet rays have been found to be bactericidal, and this 
may be partly the reason for the improvement. Strong 
arc lamps, with iron or carbon -iron electrodes, are mounted 
on a portable frame which can be rotated in any direction 
and can be brought close to the patient. After three 
minutes or more the skin usually shows signs of a reaction, 
the part becoming reddened and slightly swollen and pain- 
ful, so that the lamp must be removed further ofE. The 
more chronic skin diseases, such as an old-standing re- 
fractory case of gouty eczema, will show no reaction, 
perhaps, for the first half-doz6n applications ; but once 
there has been reaction, the light can be borne only for 
a short time, and the eczematous patch rapidly begins 
to heal up. 

Lumbago, chronic muscular rheumatism, and 

sciatica may also be beneficially treated by means of the 
arc lamp and ultra-violet rays, in conjunction with the 
incandescent lamp cabinet. These cabinet baths are usu- 
ally-made with a door specially fixed for the attachment of 
a small arc lamp, or the rays of the larger and stronger arc 
lamps can be applied to the patient's back or thighs by 
opening the door through which he enters the cabinet. For 
lumbago, the best combination is the incandescent cabinet 
bath in conjunction with the arc lamp applied in this 
manner, followed by a galvanic hydio-electric bath and 
massage. 
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This ia sometimes known as the Cooper-Hewitt or tlia 
Bastian. light. It consists of a long glass tube, two to three, 
feet in length, which is exhausted of air, but contains two- 
or three ounces of mercury and mercury vapour, Platimim 
wires fixed in carbon blockB form the terminals at the twO 
ends of the tubes by means of which the current is led to 
the mercury. They are driven by direct current, usually 
from the electric light mains, using appropriate reaiatances! 
The laTnp is started by tilting it alightiy with the negativi 
pole below, so that the mercury makes momentary contaolj 
between the two poles, when some of it is instantly vapor- 
ised, the vapour acting as a conductor for the cuireiit^ 
which causes the whole length of the tube t« glow witEt 
an intensely bright light, slightly greeniah-blue in colom 
The spectrum of this light is remarkable is containing piac 
tically no red rays ; but it is rich in green, blue, and violel 
as well aa ultra-violet rays. Owing to the absence of i 
rays in the light, objects coloured red in white light ■" 
appear black when viewed ^y a mercury vapour lamp, i 
the handa and faces of people appear a bluish Uvid 1 
peculiarly corpse -like. Green -coloured objects, sucb. 
palma and ferns, will, however, appear quite natural in t" 
light, owing to its richness in green rays. 

In order to overcome, for lighting purposes, the objeo 
tionable absence of red rays in the light, it ia customiui 
to surround a mercury vapour lamp with a ring of thiee o 
four ordinary incandescent lampe, but this device ie qnij 
insufficient. It is, of course, worse than useless to i 
round the lamp with a red shade, as that would only r 
in blocking out all the light, a red shade only appei 
red in ordinary light because it absorbs all the other colon] 
rays, and reflects or transmits only the red rays. Owing '1 
this objection, the light has not come into general use i 
though it is extremely cheap, cheaper than incandescent n 
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In places such as dockyards and railway jetties, and for 
signalling and lighthouses, it may, however, prove a success, 
when a convenient form of the lamp has been worked out. 
It consumes only two-thirds of a watt in energy for every 
candle in power, being thus nearly six times more efficient 
than ordinary incandescent lamps, an ordinary 16-candle 
lamp requiring 60 watts Thus, with electricity costing 
6d. per unit, or kilowatt hour, a 100-candle-power mercury 
vapour lamp could be lighted for two and a half hours at 
a cost of only one penny. 

Owing to the richness of this light in ultra-violet rays, it is 
proving of service for therapeutic purposes, as described 
above, and a special lamp, the Uviol lamp, has been devised 
with this object in view. This lamp, made of a special 
glass, by Dr. Schott in Jena, permits of the passage 
of ultra-violet rays, which are mostly arrested by the 
ordinary glass lamps ; but spectacles are necessary to use 
with it on account of the irritating effect of these rays on 
the eyes. This is liable to produce intense conjunctivitis, 
such as may be caused by the light of a strong arc lamp, 
or the " snow-blindness " acquired by climbing in high 
altitudes over snow fields. It has already been said that 
a large proportion of the ultra-violet rays of sunlight are 
arrested in the upper layers of the atmosphere. Since, for 
every 1,000 feet of altitude, the barometrical pressure falls 
about an inch, and the air becomes proportionately more 
rarified, the simlight is much richer in ultra-violet 
rays on high snowfields, which at the same time reflect 
the light into the eyes so intensely. Goggles for the 
protection of the e3re8 from conjunctivitis due ta expoBUze 
to snow, arc lamps, or mercury vapour lamps, thiovld 
therefore be made of the reddiBh-yellow non-aotinie' ||fbii 
instead of blue or smoked glass, as it is tlie xajn m Ik 
blue and violet end of the spectrum that cause. tibe : 
tion and chemical effects. 

For therapeutic purposes, three Uviol lam] 
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mounted on a atand, with reflector, rheostjit, and ampere- 
meter. Better even than the Uviol glass for allowing 
ultra-violet raya to pass ia quartz, and now quartz lampB, 
water-cooled, with quarts lenaea, are made lor mercury 
vapour lampa. They atand greater heat than the glags 
lamps, and generate much more powerful ultra-violet 
raya. 

The Kernst lamp givea an intense white light, due to 
a filament of yttria and zirconia being heated by the 
pasaage of the current. This filament is not a conductor 
of electricity when cold, and therefore the lamp doea not 
light up at once, and ie provided with a heater, auto- 
matic cut-out, and reeiatance. 

The flame arc gives the most intenae form of light, 
next to the Leyden jar high tendon spark. It ia a great 
improvement on the old form of open arc light, and its 
efficiency ia the highest of all electric lamps, being only 
.28 watte per candle. Inatead of the carbons being per- 
pendicular to each other, they are Inclined towards each 
other at an angle pointing downwards, and the arc is blown 
out into a flame by an electro -magnet below a reflector, 
an arrangement which distributes the light much better. 
The yellow flame arc ia rich in red and yellow rays, due to 
the carbons being impregnated with calcium fluoride. Rays 
from these lamps penetrate water vapour much better than 
the shorter vibration raya from the ordinary arc lamp, and 
are therefore much better in foggy weather ; they are, 
accordingly, being largely used for street lighting, as in 
Oxford Street. Barium salts make the flame arc white, 
while a pink light is produced by impregnation of Ihe 
carbons with strontium aalta, as in the arc light on the top 
of " The Playhouse " in Northumberland Avenue. 

The Moore light is an exceedingly effective light for 
large areaa. It conaiata of a long glass tube about 1} inches 
in diameter, of any shape and length up to 200 feet, partly 
exhausted of air, and illuminated by the passage of a high 
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voltage alternating current. The light somewhat resembles 
the glow inside the vacuum electrodes of a high frequency 
apparatus. An alternating current of 50 cycles and 100 to 
200 volts is sent through the primary of a high tension 
transformer, the secondary yielding alternating current at a 
pressure of several thousand volts. This is connected to 
the glass vacuum tube by graphite cup electrodes, with an 
additional mercury-carbon automatic valve for admitting 
small quantities of air to the tube, at intervals of about 
one minute, as the vacuum is raised by the passage of the 
current. The efficiency of the light is 1.78 ipratts per candle, 
about 12 candles of light being obtained from each foot 
of tube. Difierent-coloured lights may be obtained from 
it ; with ordinary air admitted by the valve, the tube glows 
rose-pink, as in the installation in the Savoy Hotel Strand 
courtyard. If the air is passed over phosphorus, the 
light is golden yellow ; if pure nitrogen only is admitted, 
the light is yellow ; with pure carbon dioxide the light 
is white. 

Appended is a list of the principal sources of electric 
light, arranged in the order of their efficiency in watts 
per candle-power : — 



Flame arc . . . . 


.28 watts 


per candle. 


Mercury vapour lamp 


.64 




» >> 


Open arc . . . , 


. .75 




»» >> 


Osram lamp 


1.25 




»> >> 


Nemst lamp 


. 1.4 




>> >> 


Tantalum lamp . 


. 1.7 




a a 


Moore light 


. 1.78 




»> >» 


Carbon incandescent lamp 


. 3.75 




)) >* 



COLOURED LIGHT 

Red light is said to prevent the suppuration of small- 
pox vesicles, and the consequent permanent scarring. 
This is ancient knowledge, for the Black Prince is said to 
have been treated for smallpox by red curtains being drawn 
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nrnwl tli<! b*«). Tkts Miei is kiaaArd oa troth, fer Rpd 
rnrtitinit wonU exclode tb« nn from tbe btop end of tk 
Kpfctnim, Ana sbntting oat the nhra-violtrt artinic lavs 
which fl^eeiallf nfftct the sidn. Cmms baT« been pnblislwd 
trl impmrenMnit of cbrmic nicer »nd of guigreBoaa 
ftMBA^til bjr rxpoiare to red li^it from a Ifv-caDdle-pow^ 
lamp, with a red f^tip and reflector. This is probaUj due 
to the nxclumon of the bine ra^ for the red glass cannot 
add any red rays to a light which did not possess tiiem 
twfow ; it merely filtera off the other coloured rajrs. 

Blae lifht. — Kxpcmure to blue light for several 
minnt'.'M lias been said to produce a carious sedative effect 
iind anfcsthesia, so that minor surgical operations may be 
done under its Influence. Pain from joint effusions or in 
, iirthritirt u said to liave been relieved, and it ia usual to 
insert a deep blue glana window into the side of an electric 
light cabinet bath an that the light from an arc lamp may be 
direcfa'd through it upon the joints of a patient being treated 
for rhnumatian) or other forms of arthritis. Ite sedatave 
effect upon mental states ia also said to be pronounced, 
producing calm, followed by sleep. 

RONTGEN IUY8 
An onormoUH amount of work has been done in conneo- 
tion with theso rays, or X-rays, as their discoverer Rontgea 
named thnm, duriiip the past twelve years. It was the 
work of ('rookes on the phenomena of electric dischai^ in 
tuln's highly fxhuuHted of air that led to Rontgen's dis- 
covery. If such a tube, having platinum terminals sealed 
into itfl ends, be cxhnusted until the air pressure is only 
one ton-thousandth part of an atmoHphere, it ia found that 
the resistftnoe of the tMb(^ to the passage of high- pressure 
elentrioftl mirrenU o( Wl.OOO to ItlO.fUXI volts or rawte is 
chanftinii. Biifurr ii.'dvaustion, the i^iirrent jumps atamn 
thp air spitei> lietwenn the terminals in a senes of intense^ 
br^ht BpATka; but when the exhaustion reaches the dflgns 
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mentioned above, it is found that sparks are no longer 
passing, but that the tube is filled with a glow of light. 
A beam of light appears to issue from the kathode, which 
is surrounded with a dark space, while a striated cloud of 
light surrounds the anode or positive pole. When the ex- 
haustion of the tube is carried still further, the dark space 
around the kathode extends farther along the tube until 
at last it strikes the glass at the other end, producing a beau- 
tiful phosphorescence — green if the tube is made of soda 
glass, blue if the glass contains lead. 

This phosphorescence of the gla«s at the anode end of the 
tube is due to a stream of rays issuing from the kathode, 
as can be proved by shadows of solid objects in front of 
the kathode being thrown on the phosphorescent glass; 
These rays were called the kathode rays by Lenard, who dis- 
covered in 1894 that they coidd pass out of the tube into 
the outer air through an aluminium window let into the 
glass bulb opposite the kathode. They consist of a beam 
of infinitely tiny negatively electrified bodies called cor- 
puscles, or electrons. The smallest chemical atom known 
is the hydrogen atom, the atomic weight of hydrogen being 
taken as about 1 ; but the hydrogen atom contains 1,000 
electrons, though each electron, when flying free, carries a 
charge of negative electricity equal to the electrical charge 
carried by a whole hydrogen atom. Lenard discovered 
that these rays of electrons penetrated substances in pro- 
portion to their density, thus differing from light rays, 
to which many light substances (such as cork and alu- 
minium) are opaque, though heavier substances (such as 
water and glass) are translucent. These Lenard rays, 
consisting of a beam of corpuscles, can be deflected by a 
magnet ; and by this means calculations have shown 
that these tiny bodies reach the enormous speed of 
10,000 to 90,000 miles per second, or about half the speed 
of light, which is 186,000 miles per second. The rays, 
when the;jr strikB objeoti^ ptoduce X-rays, which are very 
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different from the an wliich pre liae tA th«m. H-ny» 
cannot be deflected b^ ■ nagnct, »od tfaey do not ooDsist 
of ekctiona or coipsades, bvt an pntb»blv a pecoliar form 
of pulsating nhsations in the ether set up by tfae impact 
o( the b«am of eorpmcks upon the object wUch thev 
striice. Thus the impact of the kschode ra^-s or beam 
of corpuscles issuing from the kathode in the Crookes 
tube, by striking opon the glaes at the other end causes 
the glass to phosphoresce, and produces a new set of lays, 
the X-rays, possessing very different properties. The 
X-rays travel with the same velocity aa light, but cannot 
be polarised like ordinary light ; they have enortnously 
greater power of penetration through substances, in pro- 
portion to their density or atomic weight* : and they can 
aflect photographic plat«s through many inches of solid 
wood or aluminium, though they are more quickly arrested 
by the denser metals snch as lead, gold, and platinum. 
Unlike ordinary light, X-rays are inxnsible to the eye, and 
cannot be deflected by a prism or lens. 

Various forms of Crookea tubes have been designed tor the 
production of X-rays, but the essentials of all are the same. 
The modern focus tube is aliout a foot long, made of soda glass 
or with a soda glass window to allow of the escape of the X- 
rays, which are stopped by lead glass. The tube is blown into 
a bulb in the middle, which contains two anodes, one made 
of aluminium, the other of platinum. One of the anodes 
is placed directly opposite the kathode, and is therefore 
called the anti-kathode, and It is made of coppex coated 
with platinum, in order to withstand the intense dischat^ 
of the kathode rays upon it. Its face is inclined at half 
II right angle to the perpendicular line drawn from the face 
of the kathode. The latter pole is made of aluminium, and 
its face is concave, so as to focus the discharge of kathode 
rays which it gives off. If platinum were used for the 
katliodo it would become gradually disintegrated, the 
IcatUodal lays carrying off minute particles of the metal, and 
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blackening the tube ; but this does not occur with alu- 
minium to anything like the same extent. The distance 
of the anti -kathode is so arranged that the kathode rays are 
almost exactly focussed upon it — ^not quite exactly, be- 
cause in that case the platinum would soon be melted and 
the tube rendered useless. The aluminium anode is sealed 
into the bulb a little to one side of the anti-kathode, and it 
is usual to connect the anode and anti-kathode together 
outside the tube by a wire, so that they both function as 
anodes, though this is not necessary, the main function of 
the anti -kathode being to serve as a target upon which the 
kathode rays are focussed. The tube is then highly ex- 
hausted of air, the pressure being reduced to one-millionth 
of an atmosphere. In order to excite this X-ray tube, a 
unidirectional current of high potential must be driven 
through it in order to overcome its resistance and force 
through it a steady stream of kathode rays. Such a high po- 
tential current of 50,000 to 150,000 volts, which is neces- 
sary, may be obtained from one of three sources : (1) a 10- 
or 12-inch induction coil, worked by a direct current at 
12 or more volts, interrupted 40 or more times per second 
by some form of mechanical or electrolytical interruptor ; 
(2} an alternating street current, transformed by a step-up 
transformer to a high voltage, and converted into a uni- 
directional current by means of a mechanical or valve tube 
rectifier ; (3) a large static machine. 

On the whole, there can be no doubt that the best and 
most efficient apparatus for producing X-rays is a good 
spark coil by a reliable maker, giving, a 12-inch spark, 
though a 16- or even 20-inch spark coil is better. A con- 
venient and most usual way to drive these coils is to use a 
set of accumulators capable of giving about 50 ampere 
hours at a pressure of 24 volts. Large induction coils 
requiring such heavy currents need a special form of in- 
terruptor to break the current supplied to the primary 
windings, as a spring interruptor of the type usually 
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fitted to the amall Ttulimkorfi faradic eoila does not wt 
amoothly enough, and the intensity of the spark on the 
platinum pbinta of the int«rruptor soon burns them away. 
The two nioBt usual forma of interrupt«r used in thia 
country are the Mackenzie Davidson and the mercury jet. 
The Mackenzie Davidson uonsistg uf a, spindle set at an 
oblique angle, carrying a metal fin fixed at a right angle 
to ita lower extremity. The spindle paaaea obliqudy 
through the top of a box containing mercury and rectified 
spirit, and is rotated by a small DC motor wound for 12 or 
24 volts, so that the metal fin on the end of the spindle dips 
in and out of the mercury as it is revolved. The spirit 
floating above the mercury serves to extinguish the spark 
and to increase the suddenneas o! the break. This is a very- 
simple and efficient form of int^rruptor for low voltages, 
and costs aljout 6^ guineas. 

The mercury jet interrupter is better than the former. 
cspecialiy for voltages of 100 to 240 ; it iwnsista of a centri- 
fugal pump driven by a DO motor, which delivers a jet of 
mercury upon a revolving disc carrying alternately copper 
disuB and insulating spaces of alcohol. A oonvenient form 
of self-contained motor and mercury turbine break is sold 
by Messrs. Gaiife, of Paris, under the name of " inteJTUpteur 
flutonome." It is suitable for aU kinds of coils. 

Both the Mackenzie Davidson and the mercury jet in- 
tsrruptors require cleaning out at intervals, according to 
the extent to which they are used, as the mercury becocLes 
very dirty and churned up. This should be done under a tap 
of running water. With both these forms of interruptor, 
it is necessary to have a condenser fitted to the coil. 

One of the best and most convenient int*miptora is the 
coal-gas mercury break supplied by Mesars. Watson, rf 
High Holboni, and commonly spoken of as the " Gaa- 
Break " (Fig. 24). This instrument is the invention of 
M. BSclere, of Paris, and has not long been on sate, bat 
promiseB to supersede all other forms, as it is small amjl 
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portable, quiet in running, clean, and equally efEdenfc witli 
all voltageB of current. It is, in principle, a combination 
ot a magnetic iuterniptor witli a mercury turbine jet, of 
novel design, the motor and turbine being combined in one 
piece, with no pulley to get out of order. Rather less than 




Fig. y-i.— Becli 



lerouiy break. 



1 lb. of mercury is required, and this keeps quit* clean, 
even after continual running. The special point of the 
interruptot is that no spirit or petroleum is used above the 
mercury tor the extinction of the spark ; but coal-gas is 
used to fill the whole of the reservoir A, which is made prac- 
tically air-tight, the gas being continually fed to the in- 
tcrruptoF from a gas-bag or through rubber piping from a 
gas-jet. Very little gas is required, only I -10th of a cubic 
foot in several hours, as the gas is not consumed and the 
leakage is very slight. Before commencing to use the 
apparatus, the reservoir A above the mercury must be filled 
with coal-gaa or hydrogen. This ia done by attaching a 
rubber tube connected with a gas supply to one of the tyi 
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cocks C, and rmming the gas througli for about 10 
Beconds, in order to drive out al! the air througli the 
other cock, which ia left open and then closed. The 
mercury ia thus not churned up as in the spirit and 
petroleum breaks, and it will keep clean even after- 
months of running. 

The shaft of the tnrhine jet is prolonged above the top 
of the metal reservoir, and has affixed to it a horizontal pair 
of soft iron arms B. The interruptor is bo mounted on the 
stand of the coil as to bring B on a level with and in close 
approximation to, but not quite touching the protruding 
metallic core B of the primary coil. The current being 
switched on, the milled he-ad G of the turbine jet is twirled 
round by hand, which starts the jet and interrupts the cur- 
rent to the coil. The magnetic core ot the primary thus 
intermittently attracts the soft iron arms B, an,d so keeps 
up the rotary motion once it is started by hand. The 
speed of the intemiptor can be varied from slow to fast 
while it is working, by moving the handle D through a 
small arc of a circle, which alters the distance at which the 
attractive power of the core E ceases to be exerted upon the 
soft iron arms B. 

Mr. LesHe Miller, of Hatton Garden, fits a mica disc 
valve above the Boolere break, in order to suppress the 
" closing current " in the secondary circuit to the foouB- 
tube. It consists of a revolving mica disc fixed to tiaa 
break spindle, which ia interposed in a gap in the secondary 
circuit so that at the moment of break the current can 
pass the gap through a hole in the mica plate, the gap being 
less than a quarter of an inch, while as the disc continaes 
to revolve, at the moment of " make " the mica disc is inter- 
posed in the path of the " closing current," a resistaiioa 
about equal to that of a 1-inch spark gap. This arrange- 
ment has the advantage of the ordinary spark-gap for the 
suppression of the closing current that the gap in the patJi 
o( the current at " break " is very short, and thua 
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offers less resistance to the necessary break current in the 
proper working of the tube. 

The Wehnelt, or electrolytical interruptor, is 

an extremely efficient one, but it makes a considerable 
noise. It cannot in practice be used with accumulators, as 
it works best with not less than 60 to 80 volts, and 15 to 20 
amperes. It consists of two electrodes — ^a platinum 
point and a large lead plate — ^immersed in a glass vessel 
containing 16 ounces of strong sulphuric acid diluted with 
water to make a gallon of the dilute acid. The platinum 
point is connected with the positive pole, and the leaden 
plate with the negative of a direct current main supply, 
through a shunt rheostat, so that the voltage of the cur- 
rent supplied to the interruptor can be varied from about 
30 to 100. These interruptors work very regularly and 
smoothly, if they are provided with means of regulation of 
(1) the surface of the platinum point, (2) the number of 
volts used in the primary circuit, (3) the degree of self- 
induction in the primary coil. The coil should have no 
condenser when used with the electrolytic interruptor. 
With a long platinum pin and a low self-induction in the 
primary coil, long and intense isparks will be obtained from 
the secondary, suitable for working a hard tube ; while 
with a short platinum and a high self-induction in the 
primary, the output will be low and suitable for use with soft 
tubes. One advantage of the electrolytical interruptors 
is that they require no cleaning ; but, on the other hand, 
they make a considerable noise, and it is best to keep them 
in another room, using a suitable switchboard apparatus 
to control them. 

The action of the ekctrolytical interruptor is as follows : 
The platinum anode and the lead kathode of the cell are 
connected in series with the main supply and the primary 
windings of the coil. Owing to the small size of the plati 
anode and the heavy current passing, the density of i 
at the platinum pin is very great, so that tilie pj 
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ie soon heated up to incandescence ; thus, in addition 
the liberation of oxygen by eleetrol^is at the platinum 
anode, the contact oi the incandescent metal with the liquid 
generat«B a mantle of steam around it, thus suddenly bre«k' 
ing the current. At this moment the sudden breaking of 
the current in the primary generates a powerful extra 
current, owing to its self-induction, and tlua current aparloi 
acroRs the steam mantle to the platinum anode, the explosion 
of the spark and the clull of the surrounding liquid sud- 
denly dissipating the insulating steam mantle around the 
platinum, and aUowing the liquid to regain access to the 
nDetal pin, thus re-establishing contact and the flow of 
the current. This process is repeated with extreme rapidity 
and regularity, if the voltage and amperage of the current 
are sufficient. The cell, when working, gives out a pcouliaz' 
shrill note, and a glow of rose-coloured light is seen to sur- 
round the platinum point. With continuous working, th* 
temperature of the liquid in the cell is slowly raised to near 
boiling point, when the apparatus ceases to work properly ; , 
for this reason targe cells, holding a gallon of dilute sul- 
phuric acid, are used, so that they will work, if required,, 
for several hours continuously, without overheating. K 
the current is sent in the wrong direction through the cell, 
the platinum being then connected with the negative pols, : 
blue instead of rose-coloured sparks appear at the point, smi 
the platinum soon becomes destroyed. 

The alternating^ cnrrent main supply may be uaed for 
the productionof X-rays, in three different ways. (l)It may 
be employed to charge accumulators, and the direct current 
from the accumulators uaed to drive a coil in the ordinary 
way. In order to charge accumulators, the alternating 
current must be rendered unidirectional by some form of 
apparatus. This may be done in several methods : the 
main current may be used to drive an alternating currwit 
motor coupled to a DC dynamo, or a mechanical current 
rectifier with a vibrating hammer may be used to reverse the 
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direction of every alternate wave, thus converting the 
current into a pulsating unidirectional current ; these rec- 
tifiers may have an efficiency of as high as 80 per cent. 
Electrolytic rectifiers may be used, such as the Graetz 
aluminium cells, four of which in series will convert a 100- 
volt alternating current into a pulsating unidirectional cur- 
rent of about 80 volts, and this current, with an electrolytic 
Wehnelt interruptor, will give good results with a spark 
coil. 

(2) A mercury jet interruptor may be combined with a 
synchronous alternating current motor, so that every 
alternate phase of the ctlrrent is received upon the insulating 
alcohol, and the current collected by the copper strips is 
unidirectional. Such a combined motor and interruptor 
is manufactured by Messrs. Gaifie, and described by them 
as " interrupteur autonome pour courant altematif, sys*- 
teme * Blondel.' " It consists of a mercury turbine driven 
by a small synchronous alternating motor from the main > 
it is started by giving it a twist by hand, when it continues 
to rotate with increasing speed until its speed becomes syn- 
chronous with the periodicity of the driving alternating 
current. This takes about thirty seconds, and the uni- 
directional interrupted current delivered from it can be 
used directly to drive the coil, or it can be used to charge 
accumulators. An efficiency of 80 per cent, is claimed 
for it. 

(3) The third way of using the alternating current to 
produce X-rays is by means of step-up transformers, raising 
the voltage of the current to 60,000 volts. With this ap. 
paratus no spark coil is necessary ; but, since the high poten. 
tial discharges from the transformer are alternating, it is 
necessary to render them unidirectional before sending the 
current through the X-ray tube. This is effected by two 
Villard valve tubes in series, which block tiie eunent in 
one direction. The apparatus gives a peibotij iteady 
light upon the screen ; but its output does 1I0^ ' 
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as good fts that of an pfficient coil worked by tlic direct 
current, and though it will work well with a hard tube and 
for aoreen work, yet it is not recommended for photo- 
graphic work, or for therapeutic purposes with low vacuum 
soft tubes, which requite a heavy current. This form of 
apparatus if), moreover, very costly. The transformer 
cabinets for the alternating current main supply are the 
most powerful gencratorB of high-frequency currenta 
known. For this purpose the Villard valve tubes are taken 
out of the circuit and the current sent through a primary 
copper coil, or an Oudin's resonator. The effluve from this 
is more powerful than with a spark coil. 

The static machine as a source of X-rays is scarcely 
to be recommended. For screen work with a hard tube 
it gives escellent results, the light being perfectly steady ; 
liut for X-ray photography and therapeutic work it is 
much too weak, the exposures necessary being from five to 
ten times as long as with a good coil. The current from 
the static machine is, however, perfectly unidirectional, 
and no valve tube will \ie necessary with it, and the focus 
tubes last very much longer than with a coil, as they are 
exposed to much leas strain, and there is no destructive 
action of any closing current. The voltage of the current 
from a static machine, meaBured by the length of its spark, 
depends on the diameter of the plates and the speed 
of the revolution ; whereas the volume of the output of 
current depends on the number of the plates and their 
diameter. With glass plates, at least eight will be re* 
quired, with a diameter of .'JO inches, to excit« & fooiu 
tnbe at all satisfactorily (seep. 362). 

If, therefore, a large static machine is required for 
therapeutic purposes, it may also be very conveniently 
made use of for the production of X-rays for screen work. 
The output of current from even a large static maohiiM 
cannot compare with that of a good coil, and since (or 
short exposures in X-ray photography it is a large milli- 
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amperage of current, rather than high voltage, that is 
required through the tube, a good spark coil, driven ofE 
accumulators or the main direct current, with a good 
mercury jet or electrolytical interruptor, will prove far 
more satisfactory for general X-ray use. No spark coil 
gives a pure unidirectional current like the discharge from 
a static machine, and there is always a certain amount of 
closing current which is developed at the " make " as well 
as the larger volume of current developed at the " break." 
We have already referred to this current at make in .the 
smaller induction coils used for faradic treatment. This 
closing current interferes with the clearness of the defini- 
tion of the photographic picture, and it also shortens the life 
of the tube by making it " hard," that is to say, making 
the vacuum still higher and increasing its resistance to 
the passage of the current, by causing the occlusion of some 
of the residual gas. The resistance of the tube to the 
closing current may be less than that ofiered to the current 
in the right direction ; the amount of closing current 
may even be greater than the break current, unless a valve 
tube is used. This may be shown by the needle of the gal- 
vanometer in the secondary circuit changing its direction 
after the insertion of a valve tube. The number of milli- 
amperes of current ih the secondary circuit through the 
tube may be measured by an ordinary D'Arsonval galvano- 
meter, and it will be found to vary from .5 ma. to 1 or 2 ma- 
As large a current as 10 ma. has been forced through a 
tube, but very few tubes will stand such a heavy current 
without being destroyed. 

The closing current may be considerably diminished, 
or entirely arrested, by the use of a valve tube in series 
with the X-ray tube in the secondary circuit. These valve 
tubes are of different forms, but their primnple of eon- 
struction is as follows : a vacuum tube, somewllftt ff»w»lW 
than an ordinary focus tube, with two aluminium efeHi 
sealed into the two ends, one being large and ipiii 
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and placed in the middle of the bulb ; the other small, 
with a concave face, and sealed in a narrow portion of the 
tube. The tube should also be furnished with a palladium 
wire osmo-regulator to control the vacuum. When the 
large spiral electrode is arranged as the kathode, the current 
will pass easily ; but it will scarcely pass at all in the 
reverse direction. These tubes may be arranged either in 
series with the X-ray tube, so as to prevent the impulses 
in the wrong direction from reaching the tube, or they 
may be arranged in shunt with the X-ray tube, so as to 
carry off the impulses in the wrong direction, while pre- 
venting the proper impulses from passing through the valve 
tube and thereby forcing them to pass through the X-ray 
tube. When arranged in series, which is the usual way, 
the valve tube should be inserted between the kathode of 
the focus tube and the negative pole of the coil, having the 
large spiral electrode attached to the coil side, and the small 
electrode in the narrow end of the tube attached to the wire 
leading to the kathode of the focus tube. The focus tube 
should be at some distance from the valve tube, and also 
from the coil. 

Instead of a valve tube, a spark gap may be 
arranged between the focus tube and the coil, using 
a brass point as the positive and a flat circular plate as 
the negative. Sparks will easily pass from the point to 
the plate when the point is the anode, but the current will 
be unable to spark across the gap from the plate to the 
point. If the plate is attached to the negative pole of the 
coil, and the brass point to the wire leading to the kathode 
of the focus tube, the current will spark across the gap 
easily from point to plate, while it is running in the right 
direction through the focus tube ; but the closing current 
will be unable to spark across from the plate to the point, 
and thus the tube is protected. 

It is to be remembered that the EMF of the closing 
current increases directly with the voltage and inversely 
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with the amount of self-induction used in the primary- 
windings. It is therefore best to keep the self-induction 
high, and the voltage in the primary as low as possible, 
which may be done with a coil provided with a variable 
self-induction switch. Another device to prevent the pas- 
sage of the closing current is to cover the anti -kathode 
of the focus tube with a porcelain ring ; this arrangement 
is fitted in Bauer's and Gundelach's tubes. 

When the current is running smoothly in the right 
direction through the X-ray tube, the tube appears to be 
full of green air, with a brilliant green phosphorescence on 
the glass bulb opposite the anti -kathode if the tube is 
made of soda glass, bluish if the glass contains lead. If 
there is much closing current, the fluorescence is patchy 
and a bluish haze appears around the anode. Since the 
X-rays are generated at the anti-kathode by the impact 
upon it of the kathode rays, they are projected in straight 
lines from the surface of the anti-kathode in all directions 
within an arc of 180°, passing through the glass wall of the 
tube into the outer air. There is no advantage to be 
gained by so placing the focus tube that the plane of the 
surface of the anti-kathode is parallel to that of the object 
to be examined. If the vacuum in the tube is not suffi- 
ciently high, the tube is said to be "soft," and the green 
fluorescence is much brighter than with a hard tube. Occa- 
sionally the tube becomes too hard by continuous use, or 
by the action of the closing current, and then very little 
current passes, with much less green phosphorescence. 
Such a tube may often be made softer, that is to say, 
some of the occluded gases may be released within the 
tube by warming it over a spirit flame, or, better, by baking 
it in an oven for some hours. 

Many tubes are now made with an OSmo-regTllator or 
other device for lowering the vacuum. The osmo-regulator 
of Villard consists of a thin-walled tubular palladium wire, 
sealed into a side branch of the X-ray tube or valve tube. 
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The outer end of the tubular wire is of course- closed; and 
when the vacuum requires reducing, the wire is heated in 
the flame of a spirit lamp. Palladium has the property of 
becoming permeable to hydrogen when heated to a red 
heat, and the wire absorbs hydrogen from the flame, the gas 
being thus passed on into the tube. Such a regulator should 
be fixed in the Villard valve tube, which by constant use 
may become too hard, as well as the X-ray tube itself. 
After heating the palladium wire, it must be allowed to 
get quite cold before the current is again passed through 
the tube. 

When an X-ray tube has been working continuously for 
Bome time, or especially if a heavy current is sent through 
it, the anti-kathode is likely to get red hot, and after a 
certain time gases are released from the hot metal, and the 
vacuum of the tube is lowered, and the tube may in this 
way become too soft. A tube that lias become too soft 
may have the vacuum raised by switching the current 
through it for a short time in the wrong direction. This 
causes a discharge of minute particles of platinum, which 
absorbs the gases ; but it is not a procedure to be recom- 
mended, as it soon ruins the tube by blackening it. 

It is advisable, therefore, always to use a D'Arsonval 
miljiamperemeter in the secondary circuit, as well as the 
Villard valve tube or spark-gap, and to have Iwth the 
X-ray tube and the valve tube fitted with an os mo -regulator. 
Thus, care in not sending too heavy a current through the 
tube, at first not more than A ma., will prevent the vacuum 
from being lowered owing to excessive heating of the antd- 
kathode ; while long-continued normal working, whicb • 
slowly raises the vacuum, causing the tube to becoms I 
" hard," can be quickly adjusted by heating the projecting ( 
platinum wire of the osmo-regulator. A good X-ray tub* i 
may thus, with care, last a very long time. Several of t]M f 
more expensive focus tubes have air-cooling or wat«r- , 
cooling devices for preventing overheating of the anti- 
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kathode. If this should occur, and cause the tube to 
become too soft by liberation of gases, it will be best to put 
it away for several weeks or months, and often the tube 
will return to its normal degree of hardness, the gases 
becoming again occluded. 

In course of time, the glass of the focus tube turns 
violet-coloured, where it is exposed to the green fluorescence 
of the X-rays. 

Good focus tubes are those of Muller, but perhaps the 
best are Chabaud's. 

Recently tantalum focus tubes have been made by 
Messrs. Siemens, having a coating of tantalum instead of 
platinum on the anti-kathode. This is the same metal that 
is used for the wire filament in the tantalum incandescent 
lamps, and owing to its higher melting point, it resists the 
bombardment of the kathodal rays better than platinum. 
These tubes cost £3 15s., but stand a heavy current well, 
and are made for either air or water cooling. 

The focus tube must be attached to the two terminals 
of the secondary coil by wires, or some form of metallic 
conductor. A usual and efficient, but clumsy way is to use 
the so-called high-tension wiring, as employed for motor- 
cars, copper wire covered with a very thick layer of in- 
sulating material, and to have two lengths of several yards, 
so that the wires can be suspended from the ceiling to 
the focus tube, which can thus be moved about easily 
within a certain radius. The best way of connecting the 
coil to the focus tube is to use two metal flat wire conductors, 
coiled on a circular spring, and fastened to the terminals 
of the coil. These resemble the spring metal-measuring 
tapes commonly sold, and the tape is pulled out and in- 
stantly fastened to the terminal on the tube, forming an 
ideal connection, which does not hang in festoons, and 
thus cause short cirooitB. They aze sold by Messrs. Gaiife^ 
of Paris. 

X-rays, being pzoduoed bjr ^km imvmBt of the corpuscles 
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The outer end of the tubular wire is of rour,-. 
when the vacuum requires reducinft. the wii 
the flame of a Bpiit lamp. Palladium hiis fl 
becoming permeable to hydrogen when b'v' 
heat, and the wire absorbs hydrogen from t^•■ <^ 
being thus passed on into the tube. Ftuch a n" 
be fixed in the Villard valve tube, whirb li'- 
may become too hard, as well as the X-r<' 
After heating the palladium wire, it muKt^ ' 
get quite cold before the current is again >< 
the tube. 

When an X-ray tube has been working <"-' 
some time, or especially if a heavy cuircin 
it, the anti-kathode is likely to get iva i- 
certain time gases are released fioiu iliu i"'' 
vacuum of the tube is lowered, ajid lin 
way become too soft. A tube thai, ii— 
may have the vacuum raised by n". 
through it for a short time in tiic »"" 
causes a discharge of minute parti> 
absorbs the gases ; but it is not a i>i"' 
mended, as it soon ruins the tube b> ' 
It is advisable, therefore, alwujL. - 
mi lliamp Urometer in the seoondaO' ^••" 
Villard valve tulic or sjmrl ■_ 
X-ray tube and the valve tul"- f"< 
Thua, care in not sending loit Ii. 
tube, at first not moTi: than .4 f' 
from being lowered owijif i " 
kathode; while long-i-onii 
slowly niisea the vacuum. 
" iiiird," tan lie quickly a 
platinum wire of the osm 
niiiy thus, witli i'«re. latit ft 
miin' I'XiH-njtivf focii 
cooling di'vicfit fur 
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■ molecules of tKe residual air, 

|lge, are violently repelled from 

f the anode. The greater the 

I tihe tube, the easier path will the 

k flifjhi;, and the more violent will be 

1 anti-kathode ; that is to say, the 

; penetrating will be the X-raj-s 

tathode by the impact of the kathode 

ftime, the harder the tube the fewer 

bwid the fewer available electrons within 

uerate the kathode rays ; and, therefore. 

Si electromotive force of the current travera- 

B will be fewer electrons in the kathode 

k &a aati-kathode in a given time, and the 

Kiya will be lesa in quantity, though, as we 

! quality will be more penetrating. If, at 

> atj the tube grows harder, the voltage ol 

tincreased, the kathode rays will be increased, 

t of X-raya may be prevented from diminish- 

e of a tube, unless it is overheated, gradu- 

e tube by occluding the residual gases in the 

L bence the number of electrons available for 

Bjtathode rays will be too few, with the avail- 

^ to produce any appreciable effect upon the 

fe, and the tube ia said to be too hard for that 

lat coil. With a more powerful coil the tube may still 

f good resulta, owing to the higher voltage of the 

For this reason, a large coil of 16-inch or 20-inch 

laller one, as although ite spark 

san be adjusted to tlie softest tubes, yet tubes that 

[ be too hard for use on a 10- or 12-iiich coil may 

ide to give very good resulta. More powerful coils 

, giving sparks longer tfj^n 20 inches, are at present 

iinneoeeaaiy, and will not shorten the time of photographic 
>zpo8urea, as no tubes are yet made which will ataiid the 
idl power of ooila giving thick white aparka of 30 to 40 inches 
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in length. Further improvementB are necessary 
tabes, not in the coHb. 

It is clear from what haa been atiid that a soft tube will 
provide a larj^er quantity of X-rays than a hard tube, 
thoufih the rays will have less penetroting power. For 
radinthcrapeutic purposes, therefore, and for photograph- 
ing the less dense tissues, such as a hand or an arm, a soft 
tube will be preferable to a hard tube. In radiotherapy it 
has been shown that only the rays which are arrested by 
the tissues have any action upon them, and, therefore, 
it ia only the rays of low penetrative power provided 
from soft tubes that produce any efiect upon the skin or 
other tissues. The more penetrating rays from the harder 
tubes have little or no therapeutic eflect. Clearly, there- 
fore, means for deciding on the dose and the quality of the 
X-rays afforded by a given tube and coil are necessary if 
anything like accuracy is to be obtained in our results. 
These means are supplied by the following devices : — 

1. A fuiely graduated milliampferemeter in the second- 
ary circuit to measure the amount of current passing 
through the tube. This will not give a reliable reading 
unless the current is properly rectified by a Villard valve 
tube or a spark gap in the circuit. 

'2. A radiochromometer, such as that invented by 
Bcnoist ; or Belot's, or Wehnelt's modification of Benoist's, 
called a crypto-radiometer, to demonstrat-e the penetrating 
capacity of the X-rays given by the tube. This device 
depends upon the fact that aluminium is very much more 
permeable to the highly penetrating rays from hard tubes 
than it is to the rays from a soft tube, while silver varies 
much less in its permeability. The instrument consists 
of a thin piece of silver, which can be compared with, vary- 
ing thicknesses of aluminium. With a medium soft tabe. 
No, 5 of the aluminium will transmit the same intenntjr 
of tight as the silver when viewed on the screen ; while 
with ft very hard tube the thickest piece of alu- 
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minium (No. 12) will appear of the same brightness as the 
silver. 

3. Sabouraud's pastilles of platino-cyanide of barium, 
or Holzknecht's pastilles, which by a change in colour 
indicate the dose of X-rays applied. The colour turns 
from white to yellowish-brown, if shielded from the day- 
light, and the colour is then compared with a standard 
tint. 

4. Kienbock's quantimeter is another apparatus 

for determining the dose of X-rays administered, and 
is said to work well; 

5. The spintermeter, or adjustable spark-gap. This 
is a spark-gap between two brass knobs arranged in parallel 
with the tube. The current is turned on, and the knobs are 
brought together until a stream of sparks passes, and the 
tube goes dark owing to the alternative path for the current 
being open. Then gradually open the spark-gap until 
sparks just cease to pass, and the tube glows brightly once 
more. The measured distance between the brass knobs 
is then the equivalent spark-gap for that particular tube; 
This method is much more empirical than the galvano- 
meter in the secondary circuit, which has practically super- 
seded it. 

G. The OSmo-regulator of Villard-^a device already 
described, by which a projecting tube of palladium wire is 
heated, the vacuum in the tube being lowered by the tube 
absorbing hydrogen from the flame. By using the osmo- 
regulator, and checking it with the radiochromometer of 
Benoist, the penetrating quality of the rays and the hard- 
ness of the tube can be kept constant ; while the milli- 
amperemeter in the secondary circuit will indicate the 
rate of emission of the X-rays, and the pastilles of Sabouiaud 
or Holzknecht will indicate the amount of the dote deliTSzed. 
By these means radiotherapy has emezged fioni tibs afln^imc 
stage, and is now firmly grounded on a 
so that it is possible to repipduoe given e 
w 
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afcain produce identical resalto. Until ttroe iDstriiineDtB < 
precinion were used, for the first few year? of the medical 
uKe of X-Tafs the results obtained were most irregular, 
and X'ray dermatitis, X-ray bums, and ulcers were dis- 
tressingly common, while now liappily they are esztxemely 
rare and capable of being avoided. 

X-rftya have the property of causing certain substances 
to fluoresce, although the rays are invisible to the eye. 
Plati no -cyanide of barium is snch a Bubetancc, becoming 
slowly tamed brownish by exposure to the rays, and losing 
its normal yellow colour ; when exposed to the daylight, 
the normal colour more or less returna. Fluorescent 
screens are made for X-ray work, coated with this sub- 
stjince ; the screen should be covered with a sheet of lead 
^\asi on the side turned away from the tube, for the double 
purpose of protecting the smooth surface of the aoreen 
from being scratched, and also to atop the further passage 
of the X-rays to the observer. Intensifying screens of 
tungstatfi of calcium are also sometimes used for increasing 
the eftcpt of the rays on a photographic plate. The screen 
is arranged with its coated surface of the fluorescent salt 
next to the film on the plat*. 

Owing to the penetrating power of the X-rays throafj^ 
Hubstancea in proportion to their density, they are extremely 
useful for determining the condition of the bones and their 
relation to the soft parts ; the presence in the tissues of 
metal, needles, coins, pieces of glass, etc. ; and for accurate 
definition it is advisable to use a diapliragm close to the 
tulie, BO as to allow only the central beam of riiya to pass. 
For the proper diagnosis and setting of fractures and dis- 
locations they are invaluable ; while in medical practice 
they are often of great service in demonstrating aneurysm 
of the aorta, consolidation of the lung, pleuritic effusion, 
empyema, pneumothorax, mediastinal tumour, etc. Stone 
in the kidney or ureter is also one of the most useful demon- 
BtntioBS that the X-rays are capable of ; while «8teo- 
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arthritis of the spine or larger joints, or sequestra in the 
bones, may be well shown by means of suitable tubes. For 
determining the shape and size of organs such as the 
heart, an instrument called the ** orthodiagraph " was 
invented by Dr. Levy Dorn. The central beam of the 
rays only is used, and the apparatus is so fixed that the 
tube behind the patient and the pencil carrier in front 
move together. This instrument is somewhat cumbrous 
and costly. 

The penetrating power of the X-rays generated by a 
particular tube depends entirely on the speed of impact of 
the kathode rays upon the target of the anti-kathode. 
If the vacuum in the tube is high, then the corpuscles or 
electrons of the kathode rays find less obstacles in their 
path ; while at the same time the electrical resistance of 
the tube is heightened, and it requires a greater EMF of 
the current to overcome it. The higher the speed of the 
kathode rays, the greater will be the penetrating power of 
the X-rays developed by their impact upon the anti- 
kathode, and therefore the more powerful the induction 
coil the greater will be the power of the X-rays it produces 
to penetrate opaque tissues. Care should always be taken 
not to place the focus tube near the induction coil, because 
the magnetic action of the iron core would deflect the 
stream of kathode rays in the tube away from the anti- 
kathode, and so prevent it from focussing the X-rays. 

The degree of vacuum that is necessary to produce 
the best effect with the X-rays will depend upon the par- 
ticular purpose for which it is required. A tube that is 
very good for photography or for therapeutic purposes is 
generally much softer than one that gives a good picture 
upon the fluorescent screen ; while a tube to give a screen 
picture of an abdomen, shoulder, or hip must be much 
harder than one that is only required to give a screen picture 
of a hand. The point to be remembered is that fhe Iiaider 
the tube— that is to say, the higher tlia voltage ^' " nr- 
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rent and the more violent the impact of the kathode m^. 
upon the anti- kathode— the more penetrating are the X-tays 
produced, and the less difierentiation will he ahown be- 
tween soft tiBSues and the harder tissues, such as the ItonN. 
For screen work, therefore, to examine a chest it will be 
neoessary to use a tube of sufficient hardness, and a coil of 
sufficient power, to give X-raya of enough penetrating 
power to pass through the lungs and chest walls, and show 
a bright light on the screen through normal lung tissue. 
If a tube of the right degree of hardness be chosen, usually^ 
a medium tul)e, the normal lung will appear bright ; while 
the ribs, heart, aorta, and liver will throw dark shadows, 
as will also conaolidat^d lung, aneurysm, or pleuritic efin- 
sion, especially an empyema. If too hard a tube be chosen, 
the penetrating power of the X-rays will be so preat that 
the denser structures, as the ril« and heart, will throw only 
faint shadows, so that it will lie difficult to difEerentiate 
them from the bright, normal lung. 

For photography, on the other liand, a softer tube is 
better, because the X-raya generated by it difierentiate 
more between soft and dense tissues ; and although the 
picture would not be brilliant enough to show up on a 
screen, yet beautiful negatives may be obtained with, stioh 
a tul)e, because the continued action of the rays on the 
sensitive plate is cumulative, though the effect upon tha 
retina only corresponds to the degree of stimulation at 
the moment. Finer shades of difference may often thus 
be brought out by an X-ray negative than can be seen upon 
the screen, such as the shadow of a renal calculus, or a 
stone in the ureter, a sequestrum in bone, etc. Moving 
parts, such as the lungs, diaphragm, heart, and aorta, how- 
ever, often show better upon the screen, unleaa special 
precautions are taken to pet the patient to hold the breath 
during the whole period of the exposure of the negative to 
the rays. This may be done by fixing the negative in 
position, making tb.6 patient take two or three deep bieatlu 
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and then hold the breath at a given signal, turning on the 
current at the same moment for about twenty seconds, then 
switching ofE the current and allowing the patient to take 
a few more breaths ; then he holds the breath again as nearly 
as possible in the same position of respiration at a given 
signal and the rays are turned on again ; and so on until 
the required amount of exposure of the negative has been 
given. By this means the respiratory action upon the 
displacement of organs such as the kidney may be almost 
eliminated. A similar result may be obtained by an elec- 
tric switch actuated by the respiratory movements at full 
inspiration, starting the coil and a time clock. 

Tubercular consolidation of the lung does not, as a 

rule, show up well on the screen or in a negative, and, in 
my experience, physical signs are usually well marked 
before any pulmonary consolidation can be detected by 
the X-rays in cases of phthisis. I have, however, once or 
twice obtained help from the screen in diagnosis of pul- 
monary tubercle before the appearance of any physical 
signs could be recognised. Tubercular cavities usually 
show up well as dark shadows, with sometimes a lighter 
centre, while a pneumothorax appears brighter than the 
normal lung. 

In the diagnosis of aneurysm of the thoracic aorta 

and mediastinal tumour, the X-rays are of the ' utmost 
use, and may often lead to a positive diagnosis of the con- 
dition while the physical signs are still misleading and 
equivocal. The screen should be well pressed against the 
patient's chest, as the picture will appear blighter; and 
after the observer's eyes have become accustomed to tbe 
darkness the details will be much more distiiiot. Th* 
pulsation of the heart and aorta will be visible, wlub i 
aneurysm is usually obvious on account of its laige ^tf <" 
Sometimes it will be better seen from the front, somolr 
from behind. Owing to the normal curve of the aoita t 
left, when seen on the screen from behind, it will a; 
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to bulge somewlut to the left at its appeimoet part — ■» 
appearance tiiat might easily be mistaken hy a tyro for 
aneuryfim. Oblique illumination of tlie cliest frotD left to 
right itliould always be done if there is any qnestion of 
aneurysm, as a posterior bulging of the aorta may be de- 
tected by tluB means when it is not noticeable from in front 
or behind. 

The movement of the diaphragm on the two sides 
should alao be observed ; owing to the opacity of Uie 
liver there will be deep shadow beneath the right arch of 
the diaphragm, which ia usually about an inch higher 
than on the left side. Markedly deficient movement of the 
diaphragm on either side will be Buggestive of pulmonaiy 
tuberculoHis. 

Pleuritic effasions will be noticeable &om the dark 
uliadow thrown by them, especially empyema. 

THERAPEUTIC ACTION 

Owing to their penetrative power. X-rays are more 
suitable than ordinary light rays for affecting the deeper 
parte of the skin and tissues. The prolonged action bf the 
X-rays upon the skin leads to the production of an erythema- 
tous reaction, and if the process is carried further this be- 
comes a dermatitis, which is very slow to lieal. Still longer 
oxposureH cause the appearance of sloughs and ulcers, wljoh 
are most resistant to treatment. The parts should be pro- 
tected from the air, and lanoline applied. Even carcinoma 
of the tissues has been produced by the long-continued 
action of the rays upon an operator. Falling out of th« 
hair, due to destruction of the hair follicles, is one effect of 
prolonged X-ray exposure, which is taken advantage of in 
the treatment of ringworm of the scalp by Sabouiaud's 
method. 

Lupus, rodent ulcer, and epitheliomata of the skin may 
bo Hueccssfully treated by X-rays ; but as regards malifi^- 
a&nt disease it is far better to combine X-ray treatment 
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with surgical treatment. If the growth is capable of 
removal, it should certainly be thoroughly removed, and 
X-ray treatment may be applied to the neighboixrhood 
of the scar afterwards. If the growth is non-operable 
X-ray treatment may delay its progress, and appear to 
arrest or cure it for a time ; but ultimate generalisation 
of the growth is likely to take place in the so-called cures. 
The pain and discharge may, however, be much relieved ; 
and the treatment is certainly the best in non-operable 
malignant disease of the breast, or for widespread recurrence 
in the scar and glands. For internal cancer, such as carci- 
noma of the uterus, stomach, liver, etc.^ X-rays do not 
appear to be of any real service, except for allaying pain, 
though a case of cure has been published of inoperable 
cancer of the cervix of the uterus, by applying X-rays 
through a Ferguson's speculum. 

Ringfworm has been successfully treated by Sabouraud 
and others with X-rays. Sabouraud's method is to apply 
a sufficient dose of X-rays in a single sitting, so that the 
hair falls out after a few days. This he finds to be the 
maximum dose that the skin will stand without a severe 
dermatitis^ being set up. Focus tubes, fitted with metallic 
guard shields for concentrating the X-rays on the afiected 
part of the scalp, are used. The tube is enclosed in an 
ebonite-lined iron cover, or lead glass shield, having an open- 
ing on the side of emergence of the X-rays. To this open- 
ing metallic cylinders or localisers of difierent diameters 
can be fitted, of such a length that the patient's head, 
when placed against their ends, will be 6 inches distant 
from the anti-kathode. 

In order to know precisely how long to apply the X-rays 
a test indicator must be used — ^viz., a pastille of platino- 
cyanide of barium, which must be held in the path of the 
X-rays, at a distance of 3 inches from the anti-kathode. 
These pastilles, of light yellow colour, turn brown under 
the action of the X-iays, and when they become the same 
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colour as the standard tint supplied with the book of pas- 
tilles, the area of scalp has had a sufficient dose of the 
X-rays. The pastilles, when in use, must be protected by 
black paper from the action of ordinary hght, which rcstorea 
them to their original colour. This dose of X-rays is some- 
times referred to as 5H (one unit), or IH on the Holzknecht 
scale, being one-fifth of the maximum amount to which 
the skin may be subjected without producing dermatitis. 
By covering the area that has been treated with a sheet of 
lead out to fit it, the whole aSected area of the scalp can 
be treated at one sitting. Aft«r a fortnight the hair com- 
mences to fall out, the head becoming bald in a month, 
care being taken to pull out all the diseased hair. The 
head remains liald for two months, when a fresh downy 
growth of normal hair appears. From the first day of the 
treatment the acalp should be painted with a weak solu- 
tion of tincture of iodine, 1 part to 9 parts of spirit. After 
the first fortnight, daily washings of the head with soap, 
and rubbing to get rid of the loosened hair, must be carried 
out. 

The X-rays do not kill the fungus -of the ringworm, but 
cause the hair to fall out— the diseased aa well as the un- 
iniected^the daily washings and rubbing of the hair 
completing the depilation. The action of the iodine solu- 
tion ia to prevent the infection of fresh areas of hair by the 
spores. This method of treatment requires great care 
and practice, but ia very efficient. If the proper dose of 
X-rays is exceeded, the hair will either grow again badly, 
and crinkled, or it may not return at all. If it has not 
returned within six months, it will not grow again. 

FftTUS is to be treated with X-iays precisely like tinea 
tonsurans, or ringworm, as just described. As with ring- 
worm, the action of the rays does not kill the fungus, bat 
produces depilation, and thus the removal of the infecting 
matter. Unlike ringworm, favua is more liable to involvfl 
the whole scalp. 
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Many other forms of skin disease have been treated with 
more or less success by X-rays, the more successful cases 
being obstinate chronic cases of eczema. The diseased 
patch of skin should be treated with a soft tube giving 
rays of about 4 on Benoist's radiochromometer, the dose of 
rays being 3H. This may be repeated every week. It must 
be remembered that the action of the X-rays is cumulative, 
so that a number of short exposures given daily may even- 
tually set up severe dermatitis and ulceration. The effect 
of each exposure wears off in about three weeks, so that with 
exposures given with that interval the danger of cumulative 
action is practically nil. 

Alopecia may sometimes be cured by X-rays when 
the scalp is covered with a fine downy growth. When the 
scalp has become completely bald and the skin shiny, the 
condition is quite hopeless. The result of the treatment 
is to cause all the downy growth to fall off after ten days 
or a fortnight, as in ringwomj, the scalp becoming bald; 
but in the successful cases this is succeeded in from one 
to two months by a fresh crop of natural hair. 

Cheloid, a curious condition of hypertrophic develop- 
ment in scar tissue, has many times been successfully 
treated by X-rays, the scar eventually becoming supple 
and much diminished in size. 

Mycosis fangoideSy an otherwise intractable and in- 
variably fatal form of skin disease, associated with the 
development of nodular lumps in the skin, has several times 
been cured by patient and long-continued X-ray treatment. 
Daily treatment is given with soft rays of 4 or 5 degrees 
of penetration on the Benoist scale, the doses being as 
high as 7 to 10 H. The plan adopted is to limit the area 
of application of the rays by a localiser, and to attack differ- 
ent areas daily, no one area that has been so treated being 
again exposed to the rays until after twenty days, when it 
should again be treated as before. The limit of the skin 
reaction aimed at should be a slight erythema. 
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NSTHS.^ — Extensive vascular ntevi of the 
port-wine mark, may also be occasionally much benefited 
by tbifl treatment. The dose of the rays, with a soft tube, 
must be pushed to the stage of strong reaction and des- 
quamation, 7 to 9 H being required. The treatment is a 
very delioate one and somewhat dangerous to use, and 
should, therefore, bo reserved for extensive spreading utevi 
which have already failed to benefit from electrolysis. 

It has been proved over and over again that X-rays in 
moderate doses have a remarkable analgesic action upon 
the tissues, though in what precise way this is efEeoted is 
unltnown; This has been shown especially in the treat- 
ment of inoperable cancer by X-rays, in which, although 
the disease is scarcely, if ever, cured, yet the improvement 
of the patient due to the pain being much diminished or 
entirely arrested may be coi^iderable. This analgesic action 
of the X-raya has been taken advantage of in the treatment 
of several other painful conditions, and it has been asserted 
tbtt hyperaesthesia of the skin in tabes doraalis, inter- 
costal neuralgia, post-herpetic neuralgia, and even 
trigeminal neuralgia may be much improved, or even 
cured. For the latter, hard tubes, giving highly penetrat- 
ing rays, are advised. Similarly pruritus may be treated 
by X-rays and the itching of the skin allayed or cured. 
In this afiection the treatment should be reserved for 
severe and obstinate cases which have shown no improve- 
ment under careful regimen or treatment by high fre- 
quency currents. 

Lymphoid organs were shown by Heinecke to undergo 
special modification, with destruction of lymphocytes, 
under exposure to X-rays. With this end in view, 
diseases affecting the lymph glands, such as lympho -sarcoma, 
lymphadenoma, and leukaamia have been frequently treated 
by this method. Of these, leukaemia seems most respon- 
sive to the treatment, and numerous oaaes of improvement 
or cure have been reported, both of the myelogenic and 
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lymphatic varieties. Rays of moderate penetration must 
be used (Nos. 7 or 8 on Benoist's scale), the tube being 
held at 6 inches distant from the abdomen. With a large 
spleen it is recommended to divide the area over the spleen 
into four parts, and to treat one part each day, covering 
the others with lead sheeting. Each part should be exposed 
to the rays once a week, care being taken to provoke no 
dermatitis. The effect seems to be at first to produce an 
augmentation of the number of leucocytes, but after two 
or three days this increase is followed by a diminution in 
the numbers below the original. Any glandular enlarge- 
ments should be exposed to the rays, and also the long 
bones of the limbs, especially their ends, as it has been 
shown that the leucocytosis depends upon an excessive 
proliferation of the leucocyte-forming matrix in the medulla 
of the bones. Owing to the density of the bones, hard 
tubes must be employed for this purpose, in order to provide 
rays sufficiently penetrating to reach the interior of the 
bones. 

The red cells appear to undergo no alteration from 
exposure of the tissues to X-rays. 

It has been shown that X-rays have.a peculiar effect upon 
the testicle, setting up a condition of necrospermia, and 
leading ultimately to complete azoospermia or sterility. 
For this reason X-ray operators should weai: protecting 
aprons of heavy leather or rubber impregnated with 
lead. Many different forms of protecting apparatus are 
sold for the use of X-ray operators : lead-glass spectacles 
to protect the eyes, rubber gauntlets and aprons, etc., 
too numerous to specify here. Care should, however, be 
taken in treatment by X-rays or in X-ray photography 
to limit the field of action of the rays by means of 
localisers. 

An X-ray couch is an essential for all operators who do 
much X-ray work. These are fitted with a carriage under- 
neath for the tube, which may be enclosed in a lead-glass 
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or rubber shield, or in a box of white-lead powder, or by 

aimilar means arranged to localise the beam of X-rays 
directly upwards to the patient. The carriage for the tube 
is alsF) arranged on rails so that it can be placed underneath 
any required part of the patient. The lamp, too, should be 
moveable sideways for a distance of 3 inches, bo that 
two photographs may be taken at that distance apart with- 
out moving the patient, in order to produce a stereoacopic 
picture. This was first done by Mackenzie Davidson, and 
the two negatives, after being developed, are mounted in 
a Wheatstone atereossopic frame, the combined picture 
giving the appearance of depth which is altogether lacking 
in the single negative. By means of this principle, and 
using a localiser, the precise position of foreign bodies may 
l)e ascertained, such aa particles of steel or glass in the eye 
or orbit, bullets in the chest or limbs, etc. 

Stereoscopic pictures on the screen may also be arraDge<l 
by means of a special X-ray tube with two a nti- kathodes, 
and an arrangement by means of which the current is rapidly 
changed from one to the other several times a second, thus 
alternately emitting the beam of X-rays from two points 
about 2 inches apart. The same mechanism that rhyth- 
mically regulates the direction of the current must work 
a pair of shutters in front of the two anti-kathodes ayn- 
eUronously with the switching of the current to the anti- 
kathodes. The two pictures are never seen on the screen 
together at this same moment ; but, owing to their very 
rapid alternation, they appear to the eye to become fused, 
and give the appearance of depth. 

HADIUM 
Soon after Rijntgen happened on the X-rays throu|^ 
his experiments with Crookes tul>ea, Becquerel started 
investigations on the properties of uranium, and he was able 
to demonstrate that uranium and its salts are radio-active, 
and emit rays which are capable of acting on photogiapluo 
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plates, even though substances such as wood or paper be 
interposed. In this property the uranium rays, or Becquerel 
rays as they were named, resemble X-rays. Becquerel 
patiently investigated these uranium rays, and found that 
by the action of a strong electro -magnet he was able to 
split up the rays into three groups, one of which, like X- 
rays, is not acted on by magnetism, and two other groups, 
one of which is attracted by the north pole and the other 
by the south pole of the magnet. This fact of attraction 
of the two latter groups of rays by different poles of the 
magnet proves the rays to consist of 'positively and 
negatively electrified bodies. These three groups of 
uranium rays, or Becquerel rays, are usually called the 
alpha, beta, and gamma rays. The alpha rays consist of 
positively electrified particles, which have been proved to 
be about twice the size of hydrogen atoms ; while the 
beta rays appear to be identical with the kathode rays, 
and consist of negatively electrified extremely minute 
particles, or electrons as Sir Oliver Lodge named them. 
The gamma rays are identical with X-rays. 

This discovery by Becquerel of the radio-active pro- 
perty of uranium stimulated Madame Curie and her husband 
to work at the subject, and they selected for their labours 
the rare mineral, pitchblende, in which uranium is always 
found. By infinite labour and patience they succeeded in 
separating out a substance from the barium in the pitch- 
blende, a metallic salt which in the form of chloride or 
bromide they found to be about one million times more 
radio-active than uranium. This substance appeared to 
be a metallic element, and it was named by them radium, 
and its atomic weight, according to Madame Curie's latest 
determinations, is 226.2. Two other radio-active, metals 
which they also separated oijt in very minute quantity, 
were named actinium and polonium. Still another 
radio-active metallic element is thorium. This, like uranium 
and radium, has a very high atomic weight, uranium being 
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the higheHt of all elements with ^39, thorium next with 332, 
followed by radium with 226.2. 

Study of the radium compounds, for the metallic element 
itself has never yet been isolated, has shown that radium 
salts emit rays precisely like the Becqueiel rays from 
uranium, but infinitely more powerful. The beta rays 
from radium have a speed much greater even than that 
of the kathode rays of a Crookcs tube, reaching the enor- 
mous rate of 150,000 miles per second, thus approaching 
the speed of light. These beta rays, by their impact npon 
the radium maas as they ate ejected from the molecule, 
give rise to gamma rays, which are probably identical with 
X-rays. They have even greater powers of penetration 
through dense substances than the X-rays from a foous 
tube, being able to pass through more than twelve inches 
of solid iron. Radium is thus constantly giving out a 
steady stream of positive and of negatively electrified 
particles in the alpha and beta rays, due to the continual 
disruption, or detonation, of some of the radium atomB, 
and the radium mass must therefore be slowly diminish- 
ing in quantity. Owing to the continual discharge of this 
intra-atomic energy, the radium mass maintains itself at a 
temperature of 1° to 2° C. above that of surrounding 
objects. The rate of diminution is, nevertheless, compara- 
tively slow, hundreds of years being required before the 
mass is appreciably diminished. It has been shown that the 
radium gives off an intensely radio-active aubstance, which 
has been called the radium emanation, and which in turn 
breaks down further, giving rise to helium and an emana- 
tion X: This process need not be traced further here, nor 
the mass of theory regarding the ultimate constitution of 
matter, to whioh the action of radium salts has given rise 
Suffice it to say. that the results of recent work by Rutlier- 
tord, J. J. Thomson, Soddy, and others go to prove that the 
emission of rays by radium compounds is due to the break- 
ing dov/a of some of the radium atoms, and the consequent 
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ejection from the atom of some of the constituent electrons 
which go to form it. From this point of view all matter 
and all the so-called elements are composed of atoms, each 
of which is built up of different numbers of electrons, or 
negatively electrified particles, surrounded by a spherical 
shell of positive electricity. 

Contact with radium compounds has been found to 
confer the property of radio-activity upon surrounding 
objects, lasting several days. This is due to the deposition 
upon them of the radium emanation. It is noteworthy 
that the radio-active elements are those which have the 
highest atomic weights ; that is to say, whose atoms con- 
tain the greatest number of electrons, and it is the slow 
atomic disintegration of radium which gives rise to the 
emission of the rays described above. The alpha rays con- 
sist of positively electrified particles about twice the size 
of hydrogen atoms ; they are the same as the positively 
electrified particles given off from glowing metals, and 
appear to be identical with helium — an inert gas, having 
the low atomic weight of 4, first discovered by Lockyer in 
the solar spectrum, and since isolated from our atmosphere. 
Thus radium, one element, gives rise to another element, 
helium — a process amounting to a transmutation of the 
elements, such as the alchemists of old dreamed of. 

Therapeutics. — Only minute quantities of radium are 
obtainable, and though experiments have been made on 
cancerous growths, the therapeutic effects appear to be 
due merely to the X-rays given off. 



Note. — Actinium, like radium, is found in constant proportion in aU 
minerals containing uranium, and both are doubtless disintegration 
products of uranium, the immediate forerunner of radium being called 
ionium. The disintegration period of uranium is more than a thousand 
million years, while the period of radium is probably about 2,000 years. 
Polonium has been shown to be a disintegration product of radium, with a 
period of 140 days, and it is identical with Radium Or. Bragg has 
recently suggested that the gamma rays of radium, and probably also 
the X-rays, are not pulsatory vibrations in the ether, but corpuscular 
ill character, oonmating of uncharged particles or ''neutral pairs," 
projected at a high Telooily, 
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t'HAPTER Xm 

STATIC ELECTRICITY AND HIGH FREQUENCY 
CURRENTS 

STATIC EI.ECTHIC1TY 

The word electricity is derived from the Greeli word 
" electroji," aignifying amber. The fact lias been known 
since ancient times tliat amber, when rulibed, attracts 
light bodies ; but it was Dr. Gilbert, o£ Cbluhester, who 
extended this obaeivation to numerous other bodies having 
a similar function, whicli he therefore named " electrics." 
Dr. William Gilbert, who was physician to Queen Eliza- 
beth, and President of the Royal College of Physicians is 
the year IfiOO, published in that year, only three years 
before hia death, his famous work, " De Magnete," ♦ which 
laid the foundations of the future science of electricity. 

The form of electricity produced by friction of gli 
sulphur, or ebonite with ailk, fur, etc., is now known as 
static electricity. The two aubstancea rubbed together 
become oppositely electrified. Thus, a glass rod or plate, 
rubbed with a dry piece of silk, becomes positively electri- 
fied, the silk acquiring a negative charge. Similarly, elec- 
trified bodies repel one another, while a positively electrified 
body is attracted by one negatively electrified. This prin- 
ciple explains the action of the electroscope, the two gold 
leaves becoming similarly electrified, and repelling one 
another, when an electrified body is brought near it. 

\ charge of static electricity is always at a much higher 
Mamettt 
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voltage than is usual with faradic or galvanic currents, 
and the charge is consequently quickly dissipated from 
projecting points or rough surfaces into the air. The 
method of conduction of electricity at the high tension 
of static electricity difiers somewhat from the low-tension 
currents of ordinary galvanic batteries or of dynamos. 
With the low-tension currents the electricity flows along 
the whole of the cross-section of the wire, so that a solid 
wire will conduct more galvanic current than a hollow wire 
of the same size, in proportion to its weight. When the 
voltage of the galvanic current or the alternating current 
of a dynamo is raised above 1,000 volts, it is found that 
the current tends to flow more on the surface of the con- 
ductor than in its centre, the so-called " skin effect." With 
the high-tension currents of static electricity, this effect 
is very much more pronounced, and the current flows 
practically only on the surface of a conductor. Thus 
a wooden ball coated with tinfoil can be charged 
with as much static electricity as a solid metal ball of the 
same size. Owing to the high tension of the current, the 
charge flows comparatively easily along substances such as 
wood or leather that are fairly good insulators for low- 
tension currents ; and it is exceedingly difficult properly to 
insulate bodies highly charged with static electricity, dry 
varnished glass, ebonite, and rubber being among the best 
insulating materials. 

The original machines for manufacturing static or fric- 
tional electricity produced the current by friction of sulphur 
balls, glass plates, or cylinders by the hand or by silk pads 
covered with mercury amalgam. Ramsden's glass plate 
machine was the best of its kind for more than a hundred 
years. 

The positive electricity produced on the glass plate as it 
revolved was collected by metal points attached to a brass 
rod, which acted as prime conductor. The Leyden jar was 
discovered by accident in 1745. It was Benjamin Franklin, 

X 
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in America, who first explained its action, and it was he 
also who, in 1752, invented the lightning conductor, and 
demonstrated the fact that the lightning flash and the 
spark from the Leyden jar or electrical machine were 
identical. On account of Franklin's pioneer work on static 
electricity, the medical treatment by this form of current 
is sometimes known as " franklinisation." 

Following the friction machines came apparatus for 
producing electrification by induction, and the invention 
of the electrophorus by Volta in 1775. This apparatus 
consists of a cake of resin fixed on a metal stand, and another 
metal disc of similar size, fixed to a glass handle. To use it 
the resin is rubbed with silk, producing negative electrifica- 
tion on its surface ; the metal disc is then lowered upon it, 
touched for a moment with the finger, and then lifted by the 
glass handle. The metal disc is now found to be positively 
electrified, and this process can be repeated indefinitely, 
until the negative charge on the surface of the resin has 
slowly become dissipated in the air, and requires renewing 
by rubbing. 

Electrostatic influence machines, or continuous elec- 
trophoriy were next invented, by Holtz in 1865, by Voss 
and others, and later by Wimshurst in this country. In 
France and England the Wimshurst machine is almost ex- 
clusively used, and the Holtz in America. The latter 
machine has the disadvantage of requiring an initial charge 
to be given it, usually by a smaller Voss or Wimshurst 
machine ; the last is self-exciting, if the plates have 
metallic sectors, though the later machines without sectors 
are not self-exciting, and require to be touched with the 
finger on the edge of the plate as it is revolving. 

The Wimshurst machine consists of two plates or more, 
in pairs, arranged on a central axle so that each pair of 
plates revolves in opposite directions (see Fig. 9, p. 35). In 
a machine with twelve plates, the second and third plates 
will be fixed on the same axle block and rotate together, 
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tlie fourth and fifth similarly coupled together and rotat- 
ing in the opposite direction, and so on, the outer plates at 
the two opposite ends rotating in the same direction if 
there is an even number of pairs of plates, and in reverse 
directions if the number of pairs is odd. Such an arrange- 
ment of twelve plates will be driven by seven bands, the 
alternate ones being crossed. In this country the plates 
are usually made of glass, the plates being ^ inch apart, 
and their diameter 24: to 30, or even 36 inches. Each pair 
of plates has two pairs of metallic brushes, whose tips 
graze the surface of the edges of the plates. Each pair 
of brushes is carried on a curved metal rod attached to a 
prolongation of the fixed axle. They should be so placed 
that, on facing the plate, the curved rod occupies the 
position of the hands of a clock pointing to five minutes to 
five. Curved metal collectors, with metallic points, sur- 
round each pair of plates, at the level of the horizontal 
diameter of the plates. The collector rod on each side is 
common for all the pairs of plates. 

The voltage of the machine, that is to say, the length 
of the spark, depends on the diameter of the plates and 
the speed at which they are driven ; while the output of 
the machine, that is to say, the frequency and the thick- 
ness and brilliancy of the sparks, depends on the number of 
plates and their speed of revolution. A machine has been 
constructed for the Science and Art Department at South 
Kensington, with plates 7 feet in diameter, which is sup- 
posed to give sparks 30 inches long, but no Leyden jars 
have been found to withstand the enormous electric strain. 
A large machine with eighty plates was built for Sir Archi- 
bald Campbell, which gives an enonno On 
account of the impossibility of rotating | rh 
speed, owing to their liability to fraotui 
used, and very efficient machines, wit 
ebonite plates, of 22 inches diameter, \ 
can be safely rotated at the high speed d 
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per miBute— twice as faat as with, glass plates — and there- 
fore the same voltage may be obtained with smaller plates. 
A duat-proof case is usually fitted to the larger glaas-plate 
machines ; but it does not appear to be essential, though it 
certainly saves cleaning. Owing to the destructive eSect 
of ozone upon ebonite, it is better not to enclose machines 
with ebonite plates in cases. 

Machines for physical laboratories are fitted with 
Leyden jars, so as to increase the power of the spark, though 
the sparks will be less frequent. If the machine is being 
used to produce X-rays for photographic purposes, the 
Leyden jars should also be used, though they should be dis- 
connected from the machine for moat therapeutic applica- 
tions. The larger machines, which are the only ones of use 
for treatment, with four or more pairs of plates, are best 
driven by an electric motor, of J to |^ horse-power. 

In Pidgeon's influence machine there are nine revolv- 
ing plates, consisting of three groups of three plates each. 
The tiiree central plates 3, 5, and 8 are driven by the 
central axle in one direction, whilst the outer plates 1, 3, 4, 
6, 7, 9 are carried on suitable sleeves and driven by bands 
in the opposite direction. The plates are made of volenite, 
with sunk metallic sectors, but a full description of the 
machine is unnecessary here. Like the Wimshurst machine 
with sectors, it is self -exciting, but its output is said to be 
about four times as great as that of the older form of 
Wimshurst. 

A large WimBhurst machine, with eight plates of 30 
inches diameter, when working well will give sparks of 
6 to 10 inches in length. After it has been running for 
a few seconds, a glow of violet light appears upon the 
collecting brushes and points, and the speed of rotation 
of the plates becomes sensibly decreased, owing to the 
greater resistance from the self-induction of the machine. 
The current received from the collecting brushes by t^ 
Sxed conductors ia led. \a tyta brass knobs outside 
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case of the machine, which are separated by a distance of 
about 12 inches. The two poles of the machine should 
have adjustable sliding rods attached to them, ending in 
brass knobs, while midway between the poles is fixed 
vertically an ebonite rod carrying at each end a brass 
knob. The upper knob is attached to a metal chain con- 
nected with a gas or water pipe, while the lower knob- is 
connected with a similar chain to connect it to the patient's 
circuit. The sliding rods attached to the discharging poles 
can be adjusted to be in contact with either the upper or 
lower knobs of the vertical rod between them, so that either 
pole may be quickly connected with the patient or with 
" earth." 

The current supplied by a Wimshurst machine is uni- 
directional, and therefore one of the discharging knobs will 
be positive, and the other negative. In order to distin- 
guish the two poles for the purposes of treatment, the fol- 
lowing method, given by Lewis Jones, is useful. The 
machine is set in action, with neither of the poles con- 
nected to earth. A pointed electrode, connected by a light 
metal chain to earth, is then gradually brought near one of 
the two poles. If this is positive, a star of light will appear 
upon the point, even at a distance of several inches, and 
this star of light will remain without much alteration until 
the point is brought up almost into contact with the knob; 
when small sparks pass. If approached to the negative 
pole in the same way, the discharge takes the form of a 
visible brush or spark, when the point is still at a distance 
of 2 or 3 inches from the knob. 

For the purposes of treatment, a strong insulated 
stool is necessary, and four or five different electrodes. 
The stool should be stoutly made, and should be fully 
3 feet long by 2 feet wide. It should have a raised curved 
rim, to prevent the patient's chair slipping off the edge, 
and it should stand on four stout glass legs, 10 to 12 inches 
in length, and varnished. On the top of the stool should 



r 



358 ELECTRICAL TREATMENT 

be ftsed a, zinc or braaa plate, about 12 inches square, 
whicli is connected by a light metal rod with one pole, 
usually the positive. The patient sits with the feet placed 
upon the meta! plate, and ia thus brought in contact with 
the positive pole. 

The electrodes that are necessary are four in number : 

(1) a metal ball or large knob on holder ; (2) a metal 
roller, similarly mounted ; (3) a multiple point electrode ; 
and (4) a metal cap with multiple points, attached to a 
metal arm which can be swung out from the top of the case 
of the machine to hang over the patient's head. If the 
machine has no case, this electrode must be mounted on a 
tall stand, and connected to earth. 

METHODS OF TREATMENT 
There are four methods of treatment: {]) By sparks, 

(2) the breeze or efftuve, (3) friction, (4) static charging. 
With the ball or knob electrode, sparks are adminia- 

tered— a severe form of treatment which must be used 
with caution. Not more ttan one spark at a time ia to be 
given, the electrode being rapidly approached and with- 
drawn before there is time for a second spark to leap 
across. The result of the spark is to cause a sudden spas- 
modic muscular contraction at the point of its application, 
and this mode of treatment may be used for muscular 
stimulation. 

A better method for this purpose is to use Morton's 
" static induction." Leyden jars are then connected to 
the two poles of the machine, and their outei coatings 
are attaclied to connecting cords and ordinary pad 
electrodes, which are applied to the skin and muscles in 
the same way as with faradism. To control the intensity 
of tile shocks, the sliding knobs att-ached to the two poUs 
of the machine may be adjusted at variable distances ; &* 
nearer they are brought together the weaker will be tbft' 
^abockB. from the outet coating^ ol tti.e Leyden jars. 
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same method of adjustment of the sliding knobs is used to 
graduate the intensity of the sparks applied to the patient 
by the ball electrode, or instead, the operator may weaken 
them by putting his foot on to the stool, so as to cause 
some of the static charge to leak away. 

Another method of applying the static sparks for mus- 
cular treatment is to avoid sparking the skin entirely, and 
to allow the spark to jump from the knob electrode to a 
small metal electrode held over the motor point on the skin 
by an insulated glass handle. In this way the skin escapes 
the powerful stimulating action of the spark, which often 
results in the appearance of large wheals, resembling urti- 
caria, when strong sparks are taken from a small area of 
skin for several seconds together. The muscular contrac- 
tions resulting from the stimulation of the spark can be 
produced in cases of nerve injury and degeneration, even 
after the muscles have lost their reaction to faradism. In 
the progress of the reaction of degeneration, the reactions 
to the static sparks disappear before the excitability to gal- 
vanism is lost. 

The sensory stimulation by spark treatment is powerful, 
and may be of considerable use in hysterical anaesthesia and 
functional paralysis. 

A milder, and in most cases better, way of obtaining the 
same form of sensory stimulation is to use friction. This 
is done with the metal roller electrode, which is rapidly 
rolled outside the patient's clothing, over the limbs, and 
especially along the spine. The thicker the clothing — and 
it must be dry — ^the stronger are the sparks which shower 
through on to the skin underneath, so that the additional 
thickness of a blanket, or other woollen garment, may be 
added when the treatment is required to be specially stimu- 
lating. 

The breeze or eflBiuve is administered by a single 
point or, better, a multiple -point electrode, which is con- 
nected to earth by a chain, while the patient sits on the 
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insulated stool and the footplate connected to the posi- 
tive pole of the machine In action. The point electrode is 
directed towards the patient, being gradually approached 
to the various areas that require treatment. It producea a 
wind, or souffle, which is felt as a cool breeze on the exposed 
parts, or as a hot pricking upon the parte covered with 
clothing, A\'hen administered in this way, the treatment 
is called the " negative breeze," because the patient is 
positively charged. The point electrode can, under these 
oircumstanceB, be approached much nearer to the patient 
without a spark passing than when the footplate is attached 
to the negative pole and the positive pole la earthed. The 
treatment is very sedative, if given properly, and is a use- 
ful means of treating neurasthenic headache, and neuralgia 
of diSerent forms, and the pains of neuritis. This form 
of static brush discharge is said to be very efficacious in the 
treatment of chronic inddeni yicers. 

Static chsargiag, or the static bath, is applied by 
placing the patient in a chair on the insulated stool, connect- 
ing ths footplate to one of the poles of the machine, and 
setting it in motion. No electrodes are used. Aa the 
machine is kept nmning, the potential of the patient on the 
stool is raised to that of the prime conductors ; he 
is thus placed in an electrostatic field, and the charge, 
being at a high potential, leaks away from his Iiair, limbs, 
and all prominences, to the surrounding air and neighbour- 
ing objects in contact with earth. As he loses his charge, 
so is it replaced by the continued working of the machine ; 
his hair stands on end, his skin feels pricking, and the face 
cobwebby. Usually the patient is charged positively, the 
effects being more sedative of pain and exhilarating than 
when charged negatively. 

This treatment by static electricity is said favourably to 
influence metabolism and respiratory exchange. The 
appetite improves, sleep returns, and depression of spirits 
tcnda to disappear. An effect that has been observed ia 
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raising of the blood-pressure, and tlds method of treatment 
is to be avoided in arterio-sclerosis and renal disease, and the 
form of headache associated with high blood pressure. Many- 
subjects perspire profusely from the forehead and hands 
during the treatment. The treatment may be combined 
with the douche, by swinging the cap with metal points 
over the patient's head at a distance of six inches. When 
this is done, the positive charge rushes mainly to the head 
and leaves the scalp by the hair, which stands on end, as the 
current passes off in the effluve to the metal cap, which by 
being earthed is connected to the negative pole. This is 
the most useful form of static treatment for various forms 
of headache — more particularly the neurasthenic and 
neuralgic. Insomnia especially seems to be relieved by 
positive charging. 

Treatment by sparks or friction with the roller will be 
indicated in cases of hysterical paraplegia and anaesthesia, 
and other functional paralyses, and it is sometimes most 
useful in lumbago and other forms of muscular rheumatism. 
The treatment should not, as a rule, be given strong enough 
or long enough to produce pain ; but the aim should be to 
administer a strong moral stimulus with a minimum of 
painful impression. The patient should, on no account, be 
allowed to play with the machine or to remain in the room 
when it is being used for any other purpose than his treat- 
ment. This is important, because the beneficial effect of 
the treatment in this class of case is obtained by producing 
an effect upon the mental condition, whereby the condition 
of auto-hypnosis 6r semi-voluntary, semi-involuntary in- 
hibition of the motor and sensory centres by the highest 
centres of the brain, which constitutes hysteria, is relaxed. 
The treatment must, therefore, be applied always with 
due formality and impressiveness in cases of hysteria ; for 
should the patient by undue familiarity acquire a dis- 
respect for the treatment, it will be certain to have little or 
no good result. 
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In addition to the variouB medical applications of static 
electricity, the Wimahurat machine may be used to excite 
an X-ray tube. A powertnl machine is necesaary, having 
not less than tour paira of plates, and good pictures on the 
screen may be obtained, the light being absolutely steady. 
The output of the machine does not compare, however, with 
that of a good coil, and a galvanometer in the secondary 
circuit will indicate only a small fraction of a milliampere 
passing through the tube. Hence, for photography or 
therapeutic applications, much longer exposures are re- 
quired. 

High-frequency cfEeots also may be obtained from a good 
static machine by using Leyden jars, and oonnecting the 
outer coats through a stout coil of copper wire. 

HIGH-FREQUENCY CUHaENTS 
To two men especially we owe the development of the 
medical applications of high-frequency currents. D'Aison- 
val, in 1890, had repeated and extended Ward's expeii- 
ments, which proved that with rapidly alternating electric 
stimuli, muaculai excitation increases until the speed of 
the alternations reaches about 3,000 per second ; as 
the speed is still further increased, the amount of muscular 
contraction progressively diminishes. Tesla in the early 
nineties, experimenting with oscillatory currents at high 
voltages, produced by Hertz's apparatus, found that cur- 
rents powerful enough to light up incandescent lamps pro- 
duced no appreciable effect upon the human body. Treat- 
ment by these currents is often called D'Arsonvalisation. 
An oscillatory discharge, or high-frequency current, is 
produced by the discharge from the coats of a Leyden jar. 
The smiUer the capacity of such a condenser, and the less 
the resistance of the circuit through which the discharge 
takes place, the more rapid will be the oscillations. If the 
discharging circuit has a high resistance, or high self- 
induction, the oscillations are less rapid, or the diacha^ 
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becomes a continuous one. This phenomenon is usually 
compared to the sudden or slow emptying of a water reser- 
voir. If two glass vessels, at the same level, are connected 
below by a wide tube, having a cross-section large in pro- 
portion to that of the glass vessels, then if one of the vessels 
is filled with water, and the tap be turned, allowing the 
water to rush from one to the other, the water will reach its 
level by a series of oscillations, whereas, if the tube con- 
necting the vessels together is small, the water will slowly 
rise in the second vessel until its height is the same as that 
in the first vessel, without any oscillations. 

If the spark of a Leyden jar discharge be made to pass 
through a piece of paper held between the two terminals, 
it will be found that the edges of the hole in the 
paper are turned up on both sides, which suggests 
that the sparks did not pass through the paper 
in a definite direction, but that thp disruptive dis- 
charge was an oscillatory one. The duration of the spark 
is extremely brief, being calculated as less than the one 
hundred-millionth part of a second. The high-tension 
spark develops the greatest heat known, higher than the 
electric arc furnace, and comparable to that of the hottest 
known stars, such as those in the constellation of Argo. The 
spectrum of this spark resembles that of these stars in 
showing the lines of the proto -metals. Its duration is so 
brief that a flying rifle bullet, as it leaves the muzzle of the 
gun, may be sharply photographed by its illumination. The 
usual frequency of the oscillation in a high-frequency ap- 
paratus is said to be about 100,000 per second, though Hertz 
with his apparatus produced them at a speed of 50,000 
million per second. These discharges set up oscillations in 
the ether which are known as Hertzian waves, and are 
made use of by the various systems of wireless telegraphy, 
waves up to 2J miles in length being produced with the 
powerful coils employed. 

It is instructive to compare the length of these waves 
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with that of X-raya, which are produced by the action of a 
similar large isduotion coil in a Crookee tube. These latter 
rays are due to wave lengths, of which one hundred million 
occupy the apace of only 1 inch, being 2,000 times shorter 
than the wave length of green light. Electro -magnetic waves, 
or Hertzian waves, may vary from one ten-thounandth of a 
millimetre to 13,000 feet in length, or even more, and their 
discovery haa gone far to prove Clerk Maxwell's hypothesis 
of the electro -magnetic properties of light. 

The number of oscillations at each Leyden jar discharge 
varies from ten to twenty, dying rapidly away ; and it is 
therefore necessary to keep the Leyden jars or condensers 
continually recharged, in order to obtain a steady supply of 
high -frequency currcnta. Any high potential source of 
electricity may be employed for this purpose, such as a 
static machine, or a large induction coil such as ia used for 
the manufacture of X-rays ; or the alternating main current 
may be used, after passing it through a step-up transformer 
to raise the voltage of the current to 10,000 volta or more. 
The simplest apparatus is that described by D'Arsonval, in 
which the outer coatings of two Leyden jars or condensers 
are joined together by a helix of thick wire (see Fig. 10, 
p. 36). The terminals of the spark coil or static machine 
are attached by wires to the inner coatings of the two 
jars, and a spark gap is arranged between them inside a 
glass box, which acta as a silencer for the otherwise deAfen- 
ing noise of the spark. The wire of the primary coil or helix 
should be thick, and may be hollow, and need not be in- 
sulated further than by the air between the neighbouring 
coils. This coil, by its self- induction, acts like the primary 
coil of a faradic battery, though no iron core is required. 
So great is the resistance of this coil through ita self-induc- 
tion, that if the finger be held close to two turns of the coil 
when the machine ia in action, sparks will jump acrosa the 
ail gap from each turn of wire to the finger, the current thoe 
pTeferriug the Gnormoua refiistance of this alternative path 



HIGH-FREQUENCY CURRENTS 365 

rather than traverse the coil of wire. Wires led ofi from the 
two terminals of this primary helix, or solenoid, will carry 
high-frequency currents, which can be used for application 
to the patient, who is thus placed in a shunt circuit with 
the condensers. The form of the oscillatory currents which 
traverse the patient's body is not known. 

Instead of this form of primary solenoid, a more power- 
ful apparatus may be used to produce high-frequency 
currents of higher voltage for the effluve, or even for spark 
treatment. The current from the outer coatings of the 
condensers is sent, instead, into a solenoid known as Oudin's 
resonator, or Tesla's transformer may be used. 

Oudin's resonator consists of a helix of wire wound 
vertically on a wooden frame, ending at the top in a metallic 
knob (see Fig. 11, p. 40). The wires from the condensers 
are attached, one to the bottom of the helix, and the other 
through a movable clip to one of the coils of the helix, 
usually about one-quarter of the height of the helix from 
the bottom. The position of this clip has to be varied 
according to the use to which the resonator is put, in order 
to get the best effect, with the most powerful effluve ; this 
is known as the tuning of the resonator. The part of the 
solenoid between the attachments of the wires from the 
condensers acts like the primary coil already described ; 
while the upper portion of the solenoid acts as the resonator 
to the primary helix, increasing immensely its power. When 
in use, and the movable clip is adjusted to the best advan- 
tage, streams of violet light, or the effluve, issue from the 
knob on the top of the resonator. To this knob is attached 
the wire leading to the multiple point or other electrode used 
for administering the effluve, and a wire from the bottom 
of the solenoid is attached to a gas or water-pipe, to ensure 
an earth connection. 

Tesla's transformer consists of a primary coil or helix 
of four turns of wire, which carries the current from the 
condensers, surrounding a secondary helix of a much larger 
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number of turns of finer wire, wound on an ebonite cylinder, 
and separated from tte primary helix by an Mr space of 
1^ to 2 incIieB. Ttis accondary helix can be pushed in or 
out of the primaiy, in order to vary the strength of tlie 
induced current. This machine acts just like the primary 
and secondary coik of a faradic battery, with the difference 
that in this transformer the secondary is inside the primary. 
instead of outside, and there is no iron core. To one of 
the terminals of the secondary coil is attached the wire to 
the multiple point or other electrode used for treatment, 
the remaining terminal being connected to earth, or to the 
metallic plate at the back of the condenser couch. 

The condenser couch.— This is a long ordinary 
couch of bentwood and cane, coveted with insulating 
cushions, and to the back is fastened a large metal plate, 
which is attached hy a wire to one end of the primary 
solenoid or resonator. This couch is used for treatment 
by auto-condensalion. The patient lies on the couch, and 
holds in one hand a metal handle, which is attached by 
another wire to the other extremity of the solenoid. A 
good plan is to earth the end which is attached to the back 
plate of the couch, as Is done with the Oudin resonator and 
the Teslft transformer. 

Large cag^e solenoid.— This is a large wire helix 
in the form of a cage big enough to enclose the patient 
. when sitting on a chair. It is raised up and down by 
means of a pulley and, counterpoise. The wire solenoid, 
like the primary coil, has very little ohmic resistance, but 
great self-induction. This method of treatment Is called 
aylo-oondwition. The large solenoid takes the place of the 
primary helix, and currents are induced qb a secondary 
circuit in the patient's body. To demonatrat* the produc- 
tion of these induced currents, the patient should hold in 
one hand a Creiasler vacuum tube, which will glow brightly 
while the apparatus is working. If, instead of a Geisslcr 
tube, ho holds an incandescent electric lamp, with one ol 
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its attached wires in each hand, the arms being held parallel 
to the wires of the solenoid, the lamp will light up. In 
spite of the passage through the patient's tissues of such 
powerful currents as are evidenced by the lighting up of 
the lamp, the patient himself is conscious of no sensation. 

Various electrodes are made use of in high-frequency 
treatment. 

The multiple point electrode, for administering the 
effluve from the secondary solenoid or Oudin's resonator, 
is built on the same plan as that used with the static 
machine. An excellent form of this electrode is sold by 
Messrs. Gaiffe for use with their high-power alternating 
current high-frequency apparatus (see pp. 327-28). It 
differs from others in being burr-shaped, with the wire 
bristles set thick and close. 

Metallic electrodes shaped like a cone and ending 
in a blunt point are used occasionally for administering 
strong sparks from the resonator or secondary coil. These 
sparks will be white sparks, not blue like those from the 
effluve, and they are painful and strongly stimulating. They 
are comparable to those from the metallic roller or 
metal point used with the static machine, and must not be 
directed continuously at any one point of the skin, or blisters 
will be raised. 

Bare metal electrodes may be used in direct contact 
with the skin, as in the treatment by the condenser couch, 
when the patient holds a metal electrode in one hand, which 
is connected to one end of the primary coil. A metallic 
blunt-pointed cone-shaped electrode is also used in the 
treatment of haemorrhoids and painful fissure of the anus. 

Variously shaped glass vacuum electrodes are useful 
for the application of the current by administering blue 
sparks to the skin or mucous surfaces. An insulating 
handle with a binding screw attachment is fixed on to a 
hollow glass electrode of various shapes, usually more or less 
disc -shaped at the end. The hollow glass electrode is 
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partially exIiaUBtcd of air, and a wire projecta into the 
vacuum, and is counected through the bintliug screw 
attachment to the primary or secondary solenoid. When 
the machine ia in action, the interior of the glass electrode 
glows with violet light, and numorouB fine crackling blue 
sparks will pass from the patient's skin to the outer surface 
of the glass, when this ia rubbed over the surface. These 
currents are induced by the flow of electricity inside the 
conducting vacuum to the inner surface of the glass. Some- 
times the glass becomes perforated by a spark, rendering 
the electrode useless. These blue sparks are not painful, 
like the white sparks from the single-point metal electrode, 
and they produce a stimulating effect upon the skin and a 
prickling sensation accompanied by a feeling of warmth, 
with dilatation of the superficial vessels, 

A milliamp ere meter should be used in the circuit when 
the patient is treated on the condenser couch, the instru- 
ment being placed in the circuit between the solenoid and 
the patient. The instruments register on the hot-wire 
principle, and currents of 100 to 500 ma., or even much 
more, may be used. With the method of autoconduction, 
when the patient is enclosed in the large cage solenoid, there 
is no method at present for registering the current passing 
through him. 



The general efieet of treatment by high-frequency cur- 
rents, whether applied by autoconduction, by the con- 
denser couch, or by local applications of the elBuve or 
sparks, is to cause a dilatation of the superficial blood 
vessels, with an increased volume of the capiUary pulse, 
and a consequent fall in the general blood pressure, and 
raising of the surface temperature. The fall in the blood 
pressure may be quite considerable {according to Mautier, 
as much as 30 to iO mm. of mercury at each sitting). Vj 
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own observations with, the Riva Rocci sphygmomanometer 
upon the brachial artery, immediately before and after 
treatment with the co ndenser couch method for twenty 
minutes, using the full strength of the primary coil of 
twenty turns of wire, of a powerful machine driven from 
a 10-i^fi>^ fioil, have frequently s hown a d rop of 10 to 12 
mm. of mercur y, when the pressure before tte treatment 
ranged trom 140 to 150 mm. The fall in pressure tends to 



b ecome perman ent, when the original pressure is greafly 
above the normal, though six or more treatments will be 
required. Moutier claims that the blood pressure can be 
permanently reduced to normal limits, even in cases of 
arterio-sclerosis, and he asserts that the effects in this 
direction are much more powerful with the method of 
autoconduction, using the large cage solenoid to enclose the 
patient, than with the condenser couch. Most observers 
report the effects of the two methods to be much the same. 

This method deserves a more extended trial in the treat- 
ment of arterio-sclerosis and chronic renal disease, in which 
the blood pressure, as tested with the Riva Rocci instru- 
ment, frequently registers as much as 250 mm. of mercury, 
and even more. The bad effects of this high blood pressure, 
the headache, the tendency to cerebral haemorrhage, etc., 
are so serious and so difficult to control with drugs and 
ordinary hygienic and therapeutic measures, that the high- 
frequency treatment deserves to be thoroughly tested. • 

Cases with abnormally low blood pressure have also 
been recorded as being improved, with raising of the blood 
pressure to normal, by condenser couch treatment. It is 
difficult to explain this apparent paradoxical result on 
'physiological grounds. 

Metabolic effects have been claimed for liigh-fre- 
quency treatment in gout, chronic rheumatism, obesity, 
diabetes, and other conditions of disordered metabolism ; 
but I am not aware of any convincing records or experi- 
ments to prove these assertions. It is true that the ex- 
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perimentfl of D'Arsonval and others have Bhown that higli- 
frequency treatment leads to accele rated reaoiratorv. ex- 
change, with Jn creaae in the ajn ^ivn*' "^ ''^"^ f'\Thnili'' anid 
e xpire d, and incr ^sed diaphoreaia and diuie aia ; but I 
know of no definite proof ot any marltcd increase in the 
nitrogenous excretion aa a reault of high-frequency tre-at- 
ment. Indeed, on reflection, we ahould scarcely expect to 
find chemical cfiects from treatment with h ish-fre queccy 
currents, as they are alterna ting cu rrents, and their effects 
would probably be confined to stimulation of the tissues, 
as is the case with sinusoidal currents and faradism. On 
the other hand, the unidirectional currents — galvanism and 
static electricity — are capable of producing chemical effects 
with the transference of ions. 

Certain neuralgic States may benefit by high-fre- 
quency treatment; especially neuralgic headache by the 
brush discharge, or by using the condenser couch method, 
and at the same time employing Ught masaage with the 
tips of the fingers to the forehead and scalp. This method 
causes fine blue sparks to play from the scalp to the masseur's 
fingers, producing a sensation of tingling and warmth, which 
sometimcB has a marked anodyne effect. Occasionally, 
after treatment on the condenser couch, marked hysterical 
phenomena are evoked, the patient complaining of inability 
tp stand, giddiness, and faintness. 

Hsemorrhoids and painful fissure of the anus may be 
beneficially treated by means of a blunt-pointed metallic 
cone electrode, or a similarly shaped vacuum glass elec- 
trode. The introduction of the instrument, which must 
be vaselined, will probably cause considerable tenesmus* 
at first. As soon as the current is turned on, the muscular 
spasm is said to relax, and a sensation of warmth and slight 
pricking is produced. Numerous applications will probably 
be necessary. 

Falling out of the hair and alopecia has been ob- 
served to benefit by high-frequency apphcationa, elUier 
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by the effluve from the multiple point and resonator to the 
scalp, or by means of friction with the vacuum glass elec- 
trode used with the primary coil. The growth of the hair 
is probably stimulated by the superficial vascularity in- 
duced by the treatment. 

Certain chronic skin diseases may benefit consider- 
ably by high-frequency treatment with the brush discharge 
from the resonator, notably lupus, acne, and chronic eczema. 
In the treatment of lupus and chronic eczema the best form 
of application is by means of a vacuum glass electrode with 
disc-shaped end, attached to the resonator or secondary 
coil, and held close to the diseased skin so as to rain a steady 
» shower of sparks upon it for some minutes. As a result, 
inflammatory reaction is produced, followed by cicatrisa- 
tion. 

Chilblains, dead fingers, and Raynaud's disease 

are best treated by means of the glass vacuum electrode 
on the condenser couch, administering a shower of blue 
sparks to the affected parts. Usually the full strength of 
the primary coil should be used, and the disc-shaped end 
of the glass electrode should be moved slowly over the sur- 
face of the fingers and hand, or the foot, so as to rain the 
blue sparks upon the skin from a distance of about one- 
eighth of an inch. This treatment should be given for 
fifteen minutes daily. Chilblains usually clear up rapidly 
imder it. If the electrode is rested too long upon 
any part of the skin, the application becomes rather 
painful and a sense of burning is produced, and a patchy 
redness of the skin may persist for a day or two, due to 
scorching. 

Rheumatoid arthritis may also be benefited by the 
same treatment, the joints becoming less painful and 
more freely movable after several days' treatment. 
These results are probably due to the hypersemia of 
the extremities produced by the vaso -dilatation resulting 
from the general effects of the high-frequency currents and 
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the local irritant effect of the sparking. Similar improve- 
ment may be seen as a result of the passive hyperaBmia 
produced by the routine applications of a Bier's bandage 
to the limb. 

In all applications of the effluve from the resonator, or 
of blue sparks from the vacuum electrode to the hands or 
head or neck, it is necessary that all metallic contacts with 
the parts should be removed, such as rings, hairpins, hat- 
pins ; or, if the scalp is to be treated, the hat should be 
removed, as with ladies the wire in the hatband may 
attract sparks and cause a shock to be felt across the 
forehead. 
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Ecchymosis, meningeal, 56 
Echolalia, 225 
Eczema, 7, 313, 345, 371 
Efficient intensity of alternating 

current, 279 
Effluve, 359, 361, 365 
Electric baths (see Baths) 

burn, 272-273 

shock, 268, 2 73 

sleep, 267 

Electrical horse-power, 109 

units, 107-1(19 

Electricity, conduction of, 236, 

286, 353 

, negative, 319, 351, 360 

, positive, 351-353, 357. 360 

, static, 6, 34, 36 2 

Electrification, general, 53, 61, 

251, 301, 360, 366 

of railways, 274. 287-288 

Electrodes, 21, 51, 119 

, brass roller, 37. 358 36 9 

, carbon-iron, 313 



f 

I 

I 



d, Z\. 51, 156 
61. 126 
', .aiva-K>ia<.iic, 93,96, 100,299 
-. lacrnecal, 213 
-. multiple-point, 37, 358, 367 
-, reolaf; 9B 
-, roller, tS, 96, 98. 201 



'. wire-oraau, w», do, ii, dd 

Electrolyais, 27, 120. 336, 242, W, 

of BkiH, lia 

leotrolytas. 107, 330, 241 
lectrolytic rEctiflar, 295,^327 



iectrOBCOpe. 352 



Err tliTomel algia, 
" ETer-Kcady," It 
Eiaphthalmlc bo 



FbpIrI massage, 162 

^^ ™B'uryBla°79^°''" "' 

IB3, 1^, 160, 162 ' 

. doable. 169 

. palvanlam in 



upranuciear. 153. 163 



yBllonian cttnBl. 163, 168 

Farad. 109 

Faraday, induction ooil, 



naen liglit, 311 

Q-Kcyn lamp, 312 
doraal root. 191. IB 
B nre. 316, il7 



Franklin, Benjamin, 353 
Frank lini eat ion, 354 
Fraud in hyateria. 72. 207 



actio tial paralysis 

- Bpaam, 75 

- aymptoms. 6 J 



Oaifle, lilEh-treiiueDcy apparatus, 
41 

-, interruplenr antanome, ._ 

, multiple-point electrode, S47 

. aprintc metal tapca, J33 

Galvanic batberiea. 17 

OalraniBni. i, 16, 105 

and foradism combined (»a 

Fnradiam) 
, erecta on muBcle, 122 



, in brachial nenritia. 176 

, in taelal parBlyaiB, 161 

, in optioolrophy, 205 

— -, rapid inttrrupliona, 263 

Galvano-faradisation («eo Farad- 

iam ond QalvaiiiBml 
Onlvanomater. d'Araonval, IT. \\ 

27 

■, SchuImeiBter'B Boating. 26 

Oamma rays, 334, 349 
General elpctrifloatlon, 6S. 61 

paralyaia of inaaae, S08 

Globus byalericuB, 67 

Oaetrlc atony and dilatation, 91, 

S99 
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Gramme ring, 282 

Graves's disease, 69, 87, 230, 257 

1 electrical resistance in, 

234 
Gummatous meningitis, 208 
Gundelach's focus tube, 331 



H 



Habit spasm, 224 

HsBmatemesis, false, 68 

HsBmorrhoids, 370 

Hand, atrophy of, 179 

Hard tube, 331, 335 

Head injuries, 55 

Headache, functional, 7. 67, 89 

, neuralgic, 89, 361, 370 

, neurasthenic, 7. 60, 89, 361 

Heart failure, 272 
Helium, 350, 351 
Helix, 38. 364^66 
Hellesen dry cell, 9, 16, 107 
Hemianesthesia, hysterical, 58, 

66, 207 

, organic, 84, 160 

Hemianopia, 74, 207 

, double, 74 

Hemiplegia. 6, 49, 83, 137, 140, 

150, 160, 301 

, hysterical, 58, 63 

, infantile, 223 

, muscular wasting in, 150 

Herpes zoster, 235, 346 
Hertzian waves, 363, 364 
Hiccough, 69 

High blood pressure, 361, 369 
High-frequency currents, 7, 35, 37, 

230,265, 294,328, 362 
High-tension currents (see Gur- 

rent) 



shocks. 272 



Hip, hysterical, 67 
Holtz static machine, 354 
Holtzknecht's pastilles, 337 

scale, 344 

Hot-wire milliampferemeter, 30, 41, 

368 
Hydrocephalus, 205 
Hyperacusis, auditory, 154 
HypersBsthesia, 66, 67, 346 
Hyperchlorhydria, 92 
Hyperexcitability of muscle, 80, 

130, 132, 134 

of nerve, 48, 131 

Hyperpyrexia, 70 
Hypertrophic neuritis, 305 
Hypnotic state, 72 
Hsrpoglossal nerve, 216, 218 
Hypothenar muscles, 190 
Hypotonia, 306 
Hysteria, 62-74, 85, 225 
, definition of, 361 

, pathology of, 72 

Hysterical joint, 63, 67 

visual fields. 67, 74 

Hystero-genetic zone, 67 



I 



Incandescent lamp, 109-110, 113, 

290. 294, 310-311, 317 
Incontinence, 58, 84 
Inco-ordination of arms, 85 
Induction coils, 42-52 309, 321, 364 
Infantile hemiplegia, 223 

faralysis, 5, 49, 130, 133, 140, 
1, 223 
Infranuclear lesion, 160. 163 
Infraspinatus, 178-182, 303 
Inner cord lesions, 191 
Insanity, 70, 72 
Insomnia, 7, 60, 95, 361 
Insular sclerosis (see Dissemin- 
ated sclerosis) 
Intensifying screen, 338 
Internal resistance, 16,11 0-11 2, 116 
Interossei, 52, 145, 189-194 
Interrupteur autonome, 322, 327 
Interruptions, speed of, 24, 324, 326 
Interruptor, electrolytical, 325 

, Mackenzie-Davidson, 322 

, mercury turbine, 322-324, 327 

, spring, 9, 10, 42-43, 187, 292, 

321 

, slow, 24, 101-102, 187, 211 

Intestines, ballooning of, 69 
Intragastric faradism (see Farad- 
ism) 
Intrinsic hand muscles, 179, 190, 

305 
Iodine, in cataphoresis, 238, 241 
Ions, salicyl, 169 

, theory of, 236-242 

, zinc, 239 

Iron core. 10-14, 44-47, 291, 295, 324 
Ischemic myositis, 131, 132, 140, 
197,199 



• 

Joint, hysterical, 63, 67 

lesions, 149 

in hemiplegia, 151 

in neuritis, 174, 197 

, tubercular, 149 



Katelectrotonus, 24, 124, 127 

Kathode rays, 319, 320, 334, 350 

Kations, 237, 241 

KCC, 12 2-123, 125, 126, 130-137 

Kilowatt, 109, 228 

Kienbdck's quantimeter, 337 

Klumpke paralysis, 179 

Knee-jerk, 64, 306 

KOO, 122, 123, 125, 126, 136 



Labile method, 4 
Lachrymal obstruction, 248 
Landouzy - Dejerine myopathy, 
303, 304 



r 



LarrngeBl crigU, SIS 

epilcpBy. K15 

patalysi». 2J2-214 

TertiBO. 21fi 

Late risiditr, 49, 84 30t 
Lateral HcleroHia. 84. 137 
I^ad iiQCiTiUs. 135. 145. 163. SZl 

polBoninB, 145-146 

Leclaach6 cells doe Cells) 
Lednc, catapboreaiB experiment. 



23^ 



I, 202 



ir, i63. 300 

Lenard rays. 319, 334 

tieni'B law, 275 

Leucooythsmia, SB. 234, 346 

Iieuoocrtosis. 89 

Leyden Jar. 38, 108 

Leiria Jooea's battery. 12 

Liehtoliie paliiR. S7. 164 

Iiinea of force. 44. 125 

Lithinm aalta. 238 

Live wires. 268, 272 

Lone line trail em IbbIodb. 273. 287- 

288 
Ik)w blood prcBBUrc. 369 

voltagfi main currents, 269 

LumboBo, 78, 148, 164, 267. 313 
LiuabFiea! muscles. 19D, 195 
LnpDB. 7. 312. 342. 371 
LympABdeaoma, 238 



1 aeld. 42, 44. 726, 



Maneancse peroildc. 
Massage. 171, 177. 20: 

, fttoial, 162 

■, with paasiTe 

151. 171 
- — , Swediat, 77. 177. 202 
Mastoid, operation on. 164. 157- 



MenineeBl Pce&ymoseB, 56 
UenlngftlB. 212, 16B. 2D6 
. guQiinatons, 1'" "" 



Microfarad, 10 B 
Middle-ear diseaae. IS7 
MigFa-tory neuritis. 203 



Uilliampdre. IDS 
MiUiaropereni eter, 

41, 3B8 
Mimiory, 7S 



98S 



'. alternating rurreat (AC), 
it (DCI. 29, a 



.r, 105. 284, 

B break, 322 
D, 122 
turn of, 194 



- pollicia. -„ 
-, adductor laryneeal, ! 

- pollicis. 190 



bieena, 
braohta 



— I . longOB dlgitorum, 200 

— , halluoiB. aoi 

— , — minimi dieiti. 192 
""trT^ai"*^" metacarpi po 
— . — - primi internodii polli- 
cia. 1F3 
— . -^— seoundi internodii pol- 



thnmb, 145, 192 
— . fiviOT brevis noUicia, 191 
— . — carpi raaialls, 195 

— . nlnariB. 189 

— , ■ loDEiu pollicis, 195 

— , nrofundua dlsitomm, 

169. 19f 
— , — - aablimis disitornm. 19S 
— . saatroeneniiiie. 142, S03 
— , gltttens. 149, 503 
— , bynothenar. 190 
— , inferior obliqae. 208 
— , infraBpinatDB. 1T8-1SS. 303 
— , ipterodsei, 52, 145, 188-194 
— . intrinsic hand, 145. 179. 505 
— . latissimiia. 303 
— , levator anitali arapulv. 1G3 

— , palpebrn. 20fi 

' — ---icalB. 190, 195 
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Muscle, orbicularis oris, 153, 219 
, palpebrarum, 153, 160, 

304 

, palmaris longus, 195 

, pectoral, 191, 303 

, , clavicular, 181 

, peronei, 201 

, pronator radii teres, 178, 195 

, quadriceps cruris, 304 

, reaction of degeneration, 

129 

, recti, of eye, 208 

, rhomboids, 182, 217 

, scalene, 177, 182 

, serratus magnus, 182, 304 

-, splenius, 225 



-, stapedius, 154 
-, sterno-mastoid, 215-218, 225 
-, supinator longus, 178, 183 
-, supraspinatus, 178, 181 
-, temporal, 209 
-, tensor tympani, 209 
-, tibialis anticus, 200, 305 
-, of tongue, 218 
-, trachelo-mastoid. 225 
-, trapezius, 215, 225, 304 
-, triceps, 183 
, sygomatici, 161, 162 



Muscmar dystrophy, 137, 303 

rheumatism, 3, 78, 257 

Musculo-spiral paralysis, 183 
Mutism, hysterical, 68, 214 
Myalgia, 78 
Myasthenia gravis, 82, 138, 209, 

214, 219 
Myasthenic reaction, 137-139 
Myatonia (see Amyotonia) 
Mycosis fungoides, 345 
Myelitis, 6, 84, 137, 151, 216 
Myopathy, 131. 137, 140, 303 
Myositis, ischemic, 131, 132, 140, 

197, 199 
Myotonia congenita, 305 



N 



NsBVUS, 4, 242, 244, 346 
Needle-holder, 243-244 
Needle, insulated, 243 

, negative, 243. 244 

, platinum, 249 

, positive, 244, 246 

, steel, 244 

Negative breeze, 360 

electricity, 319, 351, 352 

element, 106, 117 

phase, 28, 294 

Nernst lamp, 316-317 
Nerve-anastomosis, 216, 218 
Nerve, auditory, 211 

, chorda tympani, 80, 154, 160 

, circumflex, 179 

, compression of, 196 

, cranial, 205 

. divided, 180 

, eighth cervical, 179, 191 

, external popliteal, 200 



Nerve, facial, 153 

, fifth cervical, 177 

, cranial, 209 

, first dorsal, 179, 192 

, fourth cranial, 207 

, glosso-pharyngeal, 212 

, great occipital, 77 

, hyperexcitability, 48, 81, 131 

, hypoglossal, 163, 216, 218 

, injuries, 178, 183, 188, 195, 

200 

, inner cord, 191 

, internal anterior thoracic, 

191 

, long thoracic, 182 

, median, 194 

, musculo-spiral, 183 

, optic, 205 

, pelvic, 98 

, phrenic, 102 

-, posterior scapular, 182 



, radial, 184-185 

, reaction of, 48, 131 

, of degeneration of, 81, 

129, 131 
, recurrent laryngeal, 214 

-, regeneration of, 197 



, sixth cervical, 178 

, nucleus, 160 

, spinal accessory, 163, 211, 

216 

, stretching, 162, 172 

, suprascapular, 179 

, third cranial, 208 

, trigeminal, 77, 209 



-r-, ulnar, 188 
-, vagus, 211-216 



Neuralgia, 76, 177, 239, 307, 346, 

360 
, dental, 79 

-, facial, 79, 211 



,-, sciatic, 77, 164, 171 
, trigeminal, 5, 210 



Neurasthenia, 7, 54-62 

, traumatic, 55 

Neurasthenic headache, 89, 360 
Neuritis, 78, 80, 145, 15 2, 310 

, alcoholic, 159, 202 

, arsenical, 221 

, brachial, 5, 172, 202, 203 

, degenerative, 153 

, diabetic, 221 

, diphtheritic, 212 

of feet, 202 

, gouty, 173, 200 

, gummatous, 148 

, hyoertrophic, 305 

, innammatory, 158 

, influenzal, 173 

, interstitial, 153 

, joint changes in, 174 

, lead, 135. 145, 183, 221 

, local, 152 

, migratory, 203 

, multiple, 130, 152, 158, 20^ 

2 21, 257 

, optic, 205 

, peripheral, 152, 164, 301 



Neuritis, peroneal, 200 
— — . poat-diphtheritio, 2Z1 

. retco-bnlhar, 206 

. rheumatic, 200, aJ8 

, Bciatio, 76, 164 

, trBomatic, 179 

, trophjo chaneea in, 1 

, tubercular, 202 



Neurosia, 72 



Nuclear lesion, fftcia 
NnoleHH ambiKUUS. 21 
N^Btaemue, S6 



Obftoh dry cell, 9, 16, 101 
Obstetrical paraljaiB, 175 
Occluded ebbcb. SSI, 336 



Open arc, 317 

OpiQm poiBOninf, 102, 103 

Optic atrophy, 86, 205 



Orthodiagraph, 33! 
OHolUatory uorrent 
Oacillograph, 279 
Osmo-regalator, 331 



PaobymeninBitis. 166, 2' 
Palate, floft, 211 
Palpitation, 69 
Paralyeia, alcoholic, IS' 



3 moicmeatB of 



-, pogt-ancBtbetio. 183, 1 
-, Bpaatic, 137, 302 
-, Sunday. 183 



^ 



Faraplegia, ata 

-. chronic, 8S 

flaccid. IS! 

byat«rlcal, eS-SB, 361 
, Bpaatic, 49, 64, 302 
Paeaire byperatmia, 372 



- — -, Babouraud'B, Si7 
Patlenfa battery, 15 
Peptic nicer, 92 
Perineurltifl, 1S5, 164 
Periodic paralyflia, 306 
Periodicity, 2S4 
Peripheral neuritia. 301 
Periatalaia, 91 
Peritonitia, hyatcrical, 67 
Peroneal atrophy, 3O3-30S 
PBilBBI, on electrotonus, 12 



Platinoid wire, 26 
PlatyBma, 133 
PlenriB?, 3 79 



PolariBation, 106, 112 
Polarity, 37, 117. 357 
Poloa. poBltive and negatire. 1IT> 



, chronic, 136, 1 

., anbacQte, 140, 

Polyarthrltta, 310 

Polyphaae cr ' 

Poaitlve -"- 



Proportion ot current in baC 

251, 260 
Pruritufl, 7, 346 
Pseudo-bypertrophic mnaDull 

atrophy, 303 
Pscudo-tabee. 221 
PBBudo-writsr'a cramp, 224 
PtOBia, 82. 139 
Pnpil-dilator fibres. 192 
Pupil, paralytic dilalatlnn ot, 8 
Fnpila, ArByU-Bobert«on, SOS 



E^«' 



"70 



er. KienbSok-H, S37 



INDEX 381 

Sciatica taradinn in, 77 

~~' -— '-a. 166 

7 

Topbie lateral, 

S4, 301 



371 
Be act ion, ( 



I, IsflBS '* 



e, 4, 236, 257, 
p, 50, 137 



— , myaachenic, 137-139 
Be-chargiDf dry cplla, US 
Bed light, 317 
RefleieB. 64 



EegenBration of nerve 197 
Benal dlei^aBe, 361, 369 
Beapiratorr failure, 1D2, 272 
BeBlatance of both. 2SI, 260 
BeslBtancea. 13, 26, 252, 300 

1 internal. 16. 113, 113 

— — of akin, 16, 16B, 234 



BheUmatoiiJ arthVitia. 5, 78, 371 
Bicketa, 3. 53, 135 
RiBidity In hysteria, 64 

. late, 49, Bt, 151 

BioKB, Blin, Zl. 30. 28Q, 23^. 297 
Bin^worm. 343 
Rodent ulcer, 239, 313 
KAntgcn rajB, 312 (>ro aUo X-ray) 



Bsbonraiid'a method, 343 

paatillea, 337 

Ballcrlate of soda, 169, 24i 

Balioylio acid ione, 238 

Bobnie hath. 31, 172. 227. 2B8, 



. Balya 



— -. diasemin sited' i 

, inaular. B6 

, lateral, 84, 137. 302 

Seoondarr batteriea ieee Bat- 
Secondary coil (tree Colla) 
Self-induction, 43. 110, 325. 326, 

Senaation, formB of. 193-194 
s»n=» ^tereognoatio, 83 

special, 5S, BT 

■ oroBBway. 83 

ima in hysteria. 66 



Sens 



Septicton „. 

Series- wound motor. 286 
Shocks, 28, 170. 253, 26B-274, 372 
— — . aingle faradie. 24, 52, 127 
Shunt. 19 

cirenit, 26 

rheostat, a«, 27, 252, 291 

SiKmoidoBcope, 113 

Sine cnrre, M, 276, 2T8-38D 



cUeot. 38, 110, 353 
glossy, 174. 197. 202 
refllatanee of, IB, 168. 234 
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IB for 



Sleep, electric. 267 

paralysia, 130, 183, 191, 19S 

walking, 70 

Blip rlnia [lee Binge) 

Snow-blinilnCBB, 81, 31S 
Soft tube. 331, 332, 336 
Solenoid, 19, 38, 44 
large cage. 366 



— . prim 



B, far 



J. 365 



Spark coii. d ^ ■, oi.y, odm 
Spark-gap. 39, 330 
Sparks, 37. 72, 35^359, 361 

, blue. 368-371 

- — -, high tension, 363 

, white, 368 

Spaeni, adductor, 84 

, eitenaor, 84 

- — -, faelal, T*, 162 

, hyaterical. 64, 75 

, orbicnlaria. 7S 

-, retro-collie, 225 

Spaamodic cough. 68 

torticolliB, 5. 64.76. 216, 234, 

230 
Spastic paraplegia, 49, 64, 137. 301. 

Spaaticity, |j 
Speech, acanaing. 85 



B4 
Bpider nKvi. 2« 
Spinal EFphilfB, 14B 

Spintermeter, 337 
Bpleeti. enUreed, GB, 234, 347 
Bplenic ansmla, 2ii 
Splint, preeBure from. 132 
8i)reDKel Hhon" — 



inEverae leelon of cord, 49, S 

lumatic neurasthenia, 55-60 

imora. intention. 85 
rriceminal nenralgla. 5, 77. 2t0 
rrolley wiro. 124, 271 



jpring "contaot, 2^, 254. 30: 
stabile EalvantBin, A 
Btabia cnareiaB. 3(0 

induction, 37, 36B 

maciuneB, 34. 328, 3S3-SS7 

, ontpnt of. 366, 363 

- transformer, 33, E7D, 287, aSs 
Btep-up transformer, 41, EB7, 290. 

Steppage Rait, 200 

Sterility, 347 

BtiBmata. hysterical, 55. 207 

Btomach, dilated. 3, 8t, 100, 13& 

BtrabiBmua. 82, 208 
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SuperfluoiiH hairs. 246 
Baprnnucleaf lesion. 163 
Bntnre, secondary. 193 
Switchboard, 25, 272 
Byncope, 3, 102. 273 
Bynehronous motors, 2B6 
SyphiliB, 148, 169. 200. 205. 20B, 21D 
Byrineoinyelia, 212, 219. 223 



Tuberuutarji 



L. 136 
1, 149 



i02 

■bellar, ISB 

- -9. 206 

219 

phantom, 67 

spioarr'" 



uerebral, 159, 2 



). 158 



Tabes dorsalis. 73, 88, 



Ulcere, 7, 119, 318, 360 
, corneal, SI 

— -. peptic. 92 

■, rodent. 239 

, X-ray. 538 

Ulnar anastbesia. 193 

nerve paralysis. 188, 192 

mtra-Tiolet rays, 310-316, 3 

334 
Unipolar method, 244 
Unit, Board of Trade, 1D9 

of current. lOfl 

of BMP, lOB 

■ of energy, 109 

of quantity, 108 



Tastfl, loss of, 154, 157, 160 
Teeth, carious, Bl 
Telephone wires, live, 271 
Tesla transformer, 38, 365 
Tetanus, from DC main, 124 

, anodat and kathodal, 130 

Tetany, 135-136 

Third rail, 124, 871, 287 

Thum sen's diaease, 305 

Three-phase current teef Current) 

Three-wire system, 256 

Tbury system. 2BS 

Thyroid gland, 87. 330-333 

Tic. convnlaive. 7*-T0, 62, 224 

douloureul, 75, 79 

Tinnitus. 211 
Tobacco amblyopia, 206 
Torticollis Isee Bpasroodic) 
Toismle headache. 310 
Toiic amblyopia, 206 
TranaformerB line D'ArsonTal. 
Sledge, Slstlc, Step-np, Teslat 



Tcnulca, dilated. 244 

Vertico. IsiryDEeal, 215 

Tillard valTe-tube (leo VoIt*- 

tube) 
Visceral symptoms in hyiteriAi 

TlaceroptOBia. 95 

Vision, yellow. 206 

Visual flelds, contracted. 68, 67 

Tolkmann's contracture, 199 

Volt, 107 

VoU-reBHlntor, SB, 27, 32, Ml. 

302 
Volta, IDS 
Voltaic pile, 105 
Voltameter. 108 
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w 

WastinsT, general, 141 

, muscular, 140, 148, 149 

Watt. 109, 317 

Watt-hour, 109 

Wave-lengths, 364 

Wehnelt's interrupter, 325 

Weir-Mitchell treatment, 61, 86 

Werdnig-Hoflmann atrophy. 306 

Wire-brush, 59, 62, 65, 71, 86, 103 

Wire connections. 21-22 

Wire, platinoid. 26 

Wimshurst static machine, 34, 

354-357 
Wrist, dropped, 183 
Writer's cramp, 222 
Wry-neck, 224 



X-ray couch. 347 

dermatitis, 338, 342 

, dosage of, 337 

-■ - ophthalmia, 81, 



X-ray photography, 341 

, precautions necessary, 347 

, sources of, 321 

stereoscopic pictures, 348 

therapeutic effects, 342 

ulcers. 338 

, uses of, 338 

wave-length, 334, 364 



Yellow vision, 206 
Yttria, 316 



Zinc element, 117 

ions, 239 

Zirconia, 316 

Zone, hysterogenetic, 67 

, peripolar, 125 

, polar, 125 

Zoster, herpes, 235, 346 
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